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q NOMENCLATURE

A area (in2 )

D 0 forebody diameter (in.)

K specific heat ratio (-)

L boattail length (in.)

S.. ~M Mach number (-)

P pressure (psi)

r radius (in.)

R radius of curvature (in.)

Re Reynolds number (-)

S separation distance measured from end of boattail (in.)

•. T absolute temperature (°R)

U* measure of the local rate of acceleration near the nozzle lip,-1 [12]

x intrinsic coordinate system (in.)

a, angle-of-attack (deg)

8 boattail angle (deg)

6 control surface deflection angle (deg) or
velocity boundary layer thickness (in.)

6* displacement thickness of the boundary layer (in.)

5 6** momentum thickness of the boundary layer (in.)

'y specific heat ratio (-)

p density (lbm/in3)

". conical divergence angle (deg) or momentum thickness of the
* .. boundary layer (in.)

" -. Prandtl-Meyer angle (deg)

1%
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Subscripts

b back or base conditions

e exit nozzle plane

E external

F free jet surface conditions

L conditions at nozzle lip

m model

o stagnation state

p prototype

x flow conditions before normal shock

y flow conditions after normal shock

* throat conditions

free stream conditions

*See APPENDIX for nomenclature for a particular program.
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1. INTRODUCTION

-" High acceleration rates required for tactical missiles and the re-

* .- ~: sulting jet-slipstream interaction can give rise to undesirable aero-

dynamic performance. Degradation in performance is due to introducing
- severe drag penalties through lower than ambient base pressures or, as

the ratio of jet stagnation-to-ambient pressure increases, by leading to

plume induced separation [1,2]t, see Fig. 1. Separation, in addition to

increasing drag, can adversely affect missile stability and control

surface effectiveness [3].

*The flow component method of Korst, et al. [4], has led to a basic

understanding of the problem, including the establishment of quanti-

tative relations accounting for the influence of all the pertinent vari-

ables and parameters. But confidence in the method to predict actual

S." separation locations, even for the simplest of vehicle geometries [5],

leaves much to be desired.

For actual missile or vehicle configurations, especially when large

angles-of-attack, canted fins and mixed subsonic, transonic and super-

sonic regions are present, the resulting flowfields are very complex,

S--see Fig. 2. The usual support of predictive and corrective prototype

4 - evaluations will, therefore, be strongly dependent on wind tunnel

model i ng.

Even then difficult problems arise in dealing with the aerodynamic

and thermodynamic effects of propulsive jet plumes. Because it is in-

convenient and often impossible to carry out wind tunnel experiments
J%

. , Z tNumbers in brackets refer to entries in the BIBLIOGRAPHY.

.4
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with the actual hot propellants, one must revert to appropriate methods

of plume simulation.

Jet plumes have been generated in wind tunnels using a variety of

methods including the use of cold or heated air through geometrically

modeled nozzles, small rocket motors, radial injection and solid bodies

which simulate the plume shape. Deficiencies inherent in these methods

can be traced to failure to account for such factors as specific heat

.';' ratio influence, mass entrainment, viscous effects, wake closure,

temperature and plume deflection. Accounting for all of the pertinent

* parameters in wind tunnel tests, simultaneously, is impossible.

Requirements for modeling interactions include, in particular:

1. Geometrically congruent inviscid jet contours,

' 2. Correct pressure rise-jet boundary deflection (plume stiffness)

and

3. Mass entrainment characteristics along the wake boundary.

Realizing that the predominant dynamic interactions depend strongly

on the specific heat ratio of the propellant and to a lesser degree on

its temperature, several investigators [6,7] have performed cold gas

tests using gases with specific heat ratios similiar to those of the

actual propellant at its elevated temperature. However, the large

amounts required and the relative high costs of running with such gases
'.

0 makes this type of testing often impractical.

A second approach to the problem is to design test nozzles so that

the dynamics of the actual plume can be simulated when the nozzles are

0 run with unheated air. Investigators [1,8,9] taking this approach have

used nozzles which meet the simple simulation requirements proposed by

% %
• .' .- .. .., ., ..... . . . . • . , , . . . . . . . .- .- .- . ,- . . . . . . . . .
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Goethert and Barnes [10]. These include duplicating the initial plume

angle as the jet exits from the nozzle and matching the ratio of jet-to-

- *- ambient pressure between the model and the actual (prototype) flow.

However, Love and Lee [11] have shown that duplicating the initial

plume angle is not a stringent enough requirement to cope with plume in-

duced separation where the curvature of the jet boundary is of im-

portance. An analysis of inviscid jet boundaries near centers of ex-

pansion by Johannesen and Meyer [12] provided a means for introducing

the initial plume radius of curvature. Korst [13] then interpreted

their work as a device for geometric plume modeling.

The assumption of conical source flow as an approach condition to

the nozzle exit, while greatly simplifying the analysis, becomes in-

accurate for nozzles where the transonic throat region produces nozzle

flowfields which are significantly different from those of ideal conical

*,.- :source flow. Thus, the supersonic flowfield in axisymmetric nozzles as

affected by the throat wall curvature requires careful consideration

[14,15,16].
5.

In addition, replacing a prototype propellant by an (inert) gas of

higher specific heat ratio, will generally lead to model nozzles with

" smaller exit Mach numbers and exit wall angles. This, in effect, im-

poses a lower limit on the range of geometrical modeling [17], see Fig.

" 3. The main problems are a relatively thick boundary layer [18,19,20],

shock formations [21], and manufacturing nozzle contours with small

conical divergence angles.

- 'S- In order to avoid these effects and to extend the useful range of

model testing, the possibility of utilizing model nozzles with con-

:! --

-S --- .5 ~ -- ~ - -~*
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Figure 3 Lower Limit on Range of Conical Geometrical Modeling
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verging-d.iverging-converging (CPC) cross sections (including the con-

ventional transonic near throat 9eometry), see Fig. 4, is here investi-

" *. ., .[ gated by analytical and experimental methods.
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Figure 4a CDC Model (Nozzle A)
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2. PLUME SIMULATION REQUIREMENTS

Plume simulation is the attempt to achieve geometrically congruent

jet contours between the model and prototype flows with the most perti-

nent dynamic characteristics satisfied.

2.1 Geometric Simulation

- Previous techniques have been inadequate in that they only du-

plicate the initial pl.ne angle. The current method matches, in ad-

dition, the initial radius of curvature needed to adequately define the

plume shape bordering the near wake. With reference to Fig. 5, this can

be expressed as

=Fm 6Fp and RFm RFp (1,2)

where m denotes the model flow and p the prototype flow. It is assumed

that the following parameters are given: YFp' MLp' aLp and MFp.

...'- The geometric simulation parameters, eF and RF, are related to

flow conditions at the nozzle lip by a second-order series solution of

the axisymmetric compressible potential flow equations near centers of

expansion [12]. As a result of such an analysis, a model nozzle

configuration can be determined (for either ideal or non-ideal conical

S.source flow) [17]. It is important to note that geometrical plume

modeling accomplished by this analysis, while establishing proper values

for initial expansion angle and plume radius of curvature, can be inter- -

*" preted to be a second order initial condition for a more accurate deter-

mination of plume contours by the Method of Characteristics (MOC). In
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addition, it is significant that satisfying the geometrical congruence

of the plume contour still leaves one free parameter available for

achieving dynamic simulation.

. '2. 2.2 Dynamic Simulation

Ideally the dynamic specifying condition should account for both

\ ',. inviscid and viscid aspects of the plume. This apparently requires two

closure conditions to be satisfied--the recompression ratio at the end

of the wake and conservation of mass within the wake. Due to geo-

".. ' metrical requirements, only one parameter is, however, available.

For studying plume induced separation, it is recommended [22] that

"- -plume surface pliability be modeled to satisfy both the inviscid and

viscid interaction mechanisms of plume-slipstream confluence at the end

of the wake. The selection of inviscid pressure rise-deflection re-

~ lations along the plume boundary was chosen because the jet plume es-

sentially contributes to the wake closure through its inviscid jet

|- boundary geometries before and after impingement. The viscid aspects of

jet mixing, attributed predominately to the separated slipstream, are

diminished by the relaminarization of the nozzle boundary layer during

77 .its rapid expansion after the nozzle exit.

For relatively small angular deflections (beyond the linearization

"-- limits), the requirement for plume pliability (jet surface Mach number)

is found from Weak Shock Modeling (Program WSHOCK)t .

tProgram listings are found in the APPENDIX.

N!

_0

• -
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2.3 Calculation Procedure

One intends to model a prototype plume that results from y

MLpGLp and MFp, yielding an initial slope eFp and an initial radius of

curvature RFp. For a given model gas ym' using either Weak or Strong

Shock Modeling will determine MFm.

For a selected trial value of MLm, the Prandtl-Meyer relation

for eLm and the analysis of Johanessen and Meyer [121 will yield the

radius of curvature RFm. If a solution exists, it will be found by

satisfying RFm = RFp.

Nozzle geometries, nozzle Mach numbers, and jet-to-ambient pressure

ratios can differ widely from model and prototype. These parametric

variations do not seem to impair the accuracy of matching the plume

surface geometry.
~1

Due to the complexity of the itprative calculation procedures, one

must revert to computational solutions.

" I ]
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.3. FLOW MODEL

'.'-'.,Although geometric simulation requirements involve only inviscid

• .,-%flow mechanisms, the inherent dependence of the problem on viscous mass

~interchange requires viscid-inviscid analysis for adequate closure.
L

3.1 Nozzle Flow
S'3.1.1 Inviscid Flowfield

The inviscid analysis of the flow in the nozzle consists of

a series solution of the transonic flow in the vicinity of the throat

* and an inviscid MOC solution for the supersonic flow downstream of the

throat region.

The disturbing effects of throat wall curvature on the transonic

flow region require an accurate initial condition to properly calculate

the supersonic flowfield. Transonic flow analyses by Sauer [15],

Kliegel and Levine [16], or Dutton and Addy [23] can be used to provide

the noncharacteristic initial condition for the MOC nozzle solution.

The MOC (Program CDCSECT) is then used to calculate the supersonic

flowfield. Nozzle wall geometry and model propellant properties serve

* as input. Characteristics are calculated throughout the nozzle's region

of influence on the developing plume.

The exit conditions of the inviscid nozzle flow serve as input to

O the MOC plume solution, see Section 3.2.1, and are also used in deter-

mining the second-order modeling scheme for non-ideal conical source

flow.

rJ

.'I .°

° . * -
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3.1.2 Viscous Boundary Layer Effects

The viscid analysis of the nozzle flow is an extension of

established methods for compressible laminar-transitional-turbulent

boundary layer development [19,24] (Program GRTRAN1).

Beginning with the Gruschwitz [25] method for a laminar com-

"* pressible boundary layer, the transition to turbulent flow is based on a

criterion related to the local Reynolds number based on an equivalent

displacement thickness as a function of the local second-shape factor

[19]. The turbulent portion of the boundary layer was then calculated

using a scheme based on the method of Culick and Hill [24]. No dis-

tinction has here been made between the point of instability and the

actual onset of turbulence.

Since it was found that the nozzle boundary layer was predominately Si
turbulent (transition occurred before the throat), comparison with the

fully turbulent results based on the Bartz method [18] (Program BARTZ)

was attractive. Close agreement between the two can be observed, see

Fig. 6.

Both methods utilize the approximate integral momentum and energy

boundary layer equations which are solved for local velocity, displace-

ment, momentum and energy thicknesses. As part of the output, the BARTZ

program calculates a Reynolds number (based on the velocity boundary

layer thickness) that is used in the calculation of the free shear layer

development, see Section 3.2.2, and in the calculation of plume impinge-

ment, see Section 5.3.

The boundary layer displacement thicknesses were small enough so A
that an iterative procedure for obtaining improved inviscid nozzle flow

field solutions was not deemed necessary.

p."-
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3.2 Plume Development
3.2.1 Inviscid Plume Boundary

The MOC (Program JETC) is used to calculate the expanded in-

viscid plume boundary. The final characteristic line calculated by the

MOC nozzle solution, see Section 3.1.1, is used as a starting condition

for the expansion centered at the nozzle exit. Jet surface Mach number

is specified to account for plume pliability, see Section 2.2. Circular

arcs are then fitted between the characteristic boundary points to ac-

count for angular variation in the plume surface.

* A second-order modeling scheme for non-ideal conical source flow
%*0-

(Program NOCON) is used as a comparison, see Fig. 7. Flow parameters at

*' the nozzle exit (ML, 0L, U*) calculated by the MOC nozzle solution,

serve as input.

3.2.2 Viscous Mass Entrainment

While it can be expected in cases involving large regions

of plume induced separation that the mass and energy balance in the wake

is predominantly controlled by the viscous mechanisms of the slipstream

(external flow), it is nevertheless of interest to investigate the

viscous mechanisms along the jet boundary. In absence of a confluent

slipstream, plume impingement of solid walls will indeed be entirely

controlled by the viscid-inviscid interactions of the plume alone

[26]. Mass bleed may be necessary for the proper modeling of such im-

pingement flows [27,28].

-

i,_* Q ..
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A computer program (Program FREES) is available for determining the

development of the free shear layer in the form of a two-layer com-

pressible laminar-transitional-turbulent model based on local similarity

concepts [29], see Fig. 8. While it is not possible to make accurate

measurements from the Schlieren photograghs, Figs. 9, there is general

agreement between theory and experiments.

FREE SHERR LRYER RFTER S. L. EXPANSION
BOUNDRRY LRYER, EXP. 7 , RE,DELTR,,I= 4204S.7
RPPRORCH MRCH NUMBER= I.SSS JET MRCH NUMBER= 2.B8

-C3

I.

LA

a:-

I .- -4-
I ,

" ' IXLTR/20

, 1 X/DELTR, I
10+-I 10+ 0 I0+ I li+ 2 10$ 3

..: Figure 8 Free Shear Layer Development
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4. EXPERIMENTAL INVESTIGATION

4.1 Objectives

The objective of this thesis is to determine the feasibility of de-

signing and operating a CDC nozzle to extend the range of plume simu-

lation. To do so, the following were designated as specific objectives:

1. Establish limits for conical-to-conical nozzle modeling,

2 -2. Design a nozzle based on theoretical analysis and explore the

extension of these limits by use of CDC nozzles,

3. Experimentally verify the theoretical calculations including

starting characteristics and flowfield peculiarities (coa-

lescence of disturbance lines, etc.), and

4. Determine the potential and limitations of using such nozzles

as modeling tools.

4.2 Apparatus and Instrumentation

Two specific nozzle configurations were selected frum a variety of

-- "-. candidate configurations. The reason for the selection was that the two

produced the intended plume shape and had an almost constant Mach number

wall distribution after the conical supersonic expansion section. This

allowed changing the exit lip angle, 8L, without a change in exit lip

Mach number. The CDC configuration was derived from the idea of

replacing the conventional conical supersonic expansion section and free

jet boundary by an appropriate combination of conical and circular arc

wall sections.

The two nozzles, see Fig. 4, were fabricated to study the effect of

throat wall curvature. This effect is evident in Fig. 10. As seen in

p '
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Figs. 11 and 12, application of the Kliegel and Levine [16] throat so-

lution successfully predicts the transonic flowfield.

Since the analytical design process was done non-dimensionally, the

size of the throat determined all other dimensions. An analysis of the

compressor/storage system led to a throat radius of 0.375 inches.

The wall pressure data and Schiieren photographs were taken with

the nozzles exhausting into the ambient. Pressure measurements were

taken with a conventional transducer-scanivalve-amplifier setup. An

Apple II-e computer was employed as a data reduction/recording device.

For the impingement and stagnation pressure data, an enclosure was

fabricated. The enclosure served several uses, it positioned the ex-

. ". haust tube that the impingement data was taken from, it secured the

* pitot probe, it allowed evacuation of the test section (lowering the

:* back pressure) and lastly it significantly decreased the noise level

during tests. If mass bleed was necessary, a metering valve could

easily be connected to the enclosure.

Pressure taps in the exhaust tube provided a means for collecting

" f-_ impingement data. The inner radius of the tube was 1.4 times larger

than the nozzle exit radius. This allowed plume expansion with the

- assurance of impingement.

All testing was done at the Gas Dynamics Laboratory, Department of

Mechanical and Industrial Engineering, University of Illinois at Urbana-

Champaign.

U
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5. EXPERIMENTAL RESULTS

5.1 Nozzle Wall Pressure Distribution

Nozzle wall pressure data taken from the models are shown in

Figs. 11 and 12 compared to the MOC (Program CDCSECT) and one-

dimensional solutions. Note the constancy of the Mach number after the

conical divergence section.

-"" 5.2 Plume Development

5.2.1 Plume Shape Comparison

The Schlieren photograph, Fig. 9c, was used to compare the

inviscid solutions of the MOC (Program JETC) and of the second-order,

- non-ideal conical source flow approximation (Program NOCON). The com-

*parison is shown in Fig. 7.

In Fig. 9, note the disturbance lines emerging from inside the

'-. nozzle. These were predicted and can be shown graphically on a plotting

'4 version of the MOC nozzle solution (Program CDCSECT). The disturbance

lines are focused by the concave wall curvature of the nozzle and

eventually coalesce into oblique shock waves. Neither program, JETC or

p-" NOCON, takes these disturbance lines into account in calculating plume 44

shapes. Even so, agreement between calculated and observed plume

boundaries is satisfactory, see Fig. 7.

Even though the coalescence of compressive disturbance lines cduse

discontinuities in plume slope, this is detrimental only if the coa-

lescence occurs upstream of the confluence with the external slipstream

* ,or if it interferes with the plume boundary in the wake closure region.

* *.' *h .'S'.
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5.2.2 Mach Number Survey

The survey was done by measuring the Rayleigh-pitot stag-

nation pressure using a 0.050 in. diameter pitot probe and using normal

comparison of experimental data with the inviscid solutions (Programs

COCSECT and SECTP).

Non-parallel outflow, shock wave interference, and mechanical in-

accuracy are some of the reasons why the theory does not better predict

the Mach number distribution.

5.3 Jet Impingement on Solid Cylindrical Surface

The impingement study was done to further characterize the modeling

capabilities (or limitations) of the CDC configurations. The theo-

retical calculations (Program ASUEXP) have been previously determined to

be reliable [30] for predicting viscid and inviscid impingement aspects

*of conventional converging-diverying nozzles discharging into sudden en-

largements in cross section.

In the present study, predicted and measured pressure distri-

butions, see Fig. 14, were analyzed. While in agreement for base

pressure, they exhibit distinctive differences near and after plume im-

pingement. This may be attributable to the proximity of the coalescent

compression waves, which are presently unaccounted for by the inviscid

jet plume boundary calculations. The calculated length of the viscid

interaction region, (xinviscid-xviscid)/re, can be considered as a

measure for the pressure feedback domain through the impingement wall S

boundary layer. This serves as an illustration for the limitations in-

herent in the use of CDC nozzles alluded to in Section 5.2.1.

. . -

"*'2 " -" " "' " ' "' "-" ;""" - " - € " . -"-" " - " - .
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6. CONCLUSIONS

- 1. Success of the general modeling scheme has been established in as

much as the method allows simulation of aerodynamic plume inter-

action effects of great detail even under complex operational con-

ditions (large angles-of-attack, boattail, etc.), see Fig. 15.

"" 2. The CDC nozzle configurations do extend the range of geometrical

S""modeling, see Fig. 16, allowing the modeling of prototype nozzles

with lower exit lip Mach numbers using model propellants with higher

specific heat ratios.

3. The wall curvature of the end section of the CDC nozzle produces

convergence of compressive lines which leads to plume boundary de-

flections downstream of the nozzle, this limits the modeling range

unless large radii of curvature, R/r*>8, are used or these effects

are downstream or small in the region of interest.

4. Agreement between predicted and experimentally determined flow

fields (inviscid and viscid), within the limits stated above, has
. "been observed.

5. While plume-slipstream interactions have not been carried out in

this investigation, it can be expected that the successful extension

of the modeling methodology can be established by experimentation in

appropriate wind tunnel facilities [31].

.-

." ., ,-
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p APPENDIX

This APPENDIX is a compilation of all of the computer programs that

were used in this thesis. Almost all of the theoretical work done for
'I..

the thesis has been incorporated into these programs which were de-

veloped in the Department of Mechanical and Industrial Engineering, Uni-

versity of Illinois at Urbana-Champaign, Urbana, Illinois. Because of

the number and complexity of the programs, each is listed with a brief

discussion of what the program does, the input and output and pertinent

nomenclature.

. .The listing includes the following programs:

program page

.
SCDCSECT 34

JETC 46

NOCON 53

WSHOCK 56

1. SECTP 58

.%.-, PSIM 67

GRTRANI 72

1 i!BARTZ 80

FREES 86

ASUEXP 91

All programs, unless otherwise stated, are written in BASIC and

does and its relationship to the thesis and other programs, a flowchart

F ,' ,is included on the following page. ]

0-IL 0
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CDCSECT -

ITERATE UNTIL DESIRED PROTOTYPE CONDITIONS ARE MET

NOZZLE -PLUME_____________ ____

~BOUJNDARY LAYER -. j-FREE SHEAR -{ --- IMPINGEMENT-ol

LAYER DEVELOPMENT

*7
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LI Program CDCSECT

Program CDCSECT calculates the inviscid supersonic nozzle flowfield

by the MOC after the transonic flow region has been calculated by a

W method based on the analysis of Kliegel and Levine [16]. Individual

characteristics are printed and the last characteristic line is stored

" in file "SONIC" to be used as input for Programs JETC and SECTP. In

addition, a routine has been added to allow the calculation of flow

properties at a given cross section.

input

" ~quantity symbol explanation

Y GO specific heat ratio

r e/r* 00 nozzle exit radius t

. R*/r* CO throat radius of curvature,

(see Fig. 4)

e TO conical wall divergence angle (deg)

,1 k number of points in the MOC net

, X4 x location of the end of the conical

.. divergence section, measured from

the throat%"

R/r* UO radius of curvature for the circular

arc

,' LO x location, from the nozzle exit,

for flow profile determination

'S

~. tAll nozzle dimensions are non-dimensionalized by the throat radius.

5Ii
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output

x/r*, r/r*, M* and e (deg) at distinct points throughout the flowfield

ML, eL and UI* at the nozzle lip

.110

'...-.

N"

it.
o

* 4o

4 C. .. _U l."

* 4 4-.---.
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%

0 FILE 31 :"SONIC"&
130 DIM A$(3),B$(3),C$(3)
90 B$="YES'
'100 GOTO 5140
110 IF X3>E AND P<O THEN 2130
120 Y3=X2
'130 Y4=X)4(U0*(SOR(1 -( (*Z2- Y3) UO)21) -COS TO + Z3-R2.,f/T?
'140 IF ABS(Y4-Y3)<O0O001 THEN 170

/ 150 Y3=Y4
160 GOTO 130
170 X3=Y4
180 R3:R2+(X3-X2!)tT9
190 T3=FNZUZ2l.-X3)/UO)
2 00 GOTO 2160
210 DIM X(1 1)R(,1),(,I)T(,1),(,4,E3,),F,14
.20 DIM G(3,35),K(7),H(-7 ),lt),J7W,V(4,20)

10 nEF P X I = A TN( S 0R( I-X *X/X)
...J LIEF FNA(X)=ATN(1!SOR(X*X-1))
260 DEF FNS (X) SQR 2 " X/sR (00 1 - GO- 1 lX,fXI
'"70 DEF FNa(A):1/(M*TAtN(A))

3280 DEF FNF(A):SIN(T)*SIN(A); SIN(T.+A)
290 DEF FNG(A)='SN(T)*tSIN(A)/'SIN(T-A)
3'00 DEF FNZ(X):ATN(X/SOR(1-X*X))
i10 PRINT "CONICAL NOZZLE SECTION STAR:TS AT X="X7;"R="R7
320 PRINT "FOR CDC NOZZLE INPUT X4 X0~
330 INPUT X4

40IF X4=0 THEN 420
.350 Z3=R7+(X4-X7)tTAN(T0)
'360 PRINT "ENTER RADIUS OF C'JRV.,CriC SECTItJN=';
i'10 INPLUT UO
380 PRINT "CURVED WALL STARTS AT X=:"X4'1 1:1 iL!Us.:"' U.: r, (Y' -

* -100 PRINT "MAX. RADIUS OF NOZLZLE&'Z3+U0.I( 1-COS(T) )"AT:<"
410 GOTO 6060
4210 I=S=P=W~1
430 PRINT 'NOZZLE EXIT AT X="E

450 GZ=:0

460 PRINT "INITIAL POINTS ALONG NUN-CHARACTERISTIC CURVE"

40PRINT J,X(I,J),R(I,J),M(I,J),T(I,J)
100NEXT J

INRN "~" -~ ~~
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510 PRINT
520 PRINT
530 PRINT "FLOUFIELD COMPUTED, ALL POINTS PRINTED"
540 PRINT
550 GOTO 740
560 FOR J:1 TO K-S
570 XI:X(I,J)

580 X2:X(IJ+1)
590 RI:R(I,,J)
ti0 0 R.2-R(.[ .J+1)

,,r,..-.610 M1=M(IJ)

620 M2=M(tJ+I)
630 TI=T(K ,.)
640 T2=T(! ,j

-,0 Y(TI1, j X3
,,.:.,:, s'0 F" :+ , .,:'

690 TI+1, )=T3
695 IF X3'LO AND X1 1') THEN 597

I ,96 GOTO 705
* 69? GOSUB 6675

705 IF X3::LO AND X2LO !HEN 707
'065 GOTO 720
"::1 GOSUB 6730
2720 NEXT i
"30 RETURN
'40 GOSUB 560
7 50 IF 1=1 THEN 810
'60 IF Z 0 THEN 610

,, ?0 IF P.:O THEN 6190
,;80 GOSUB 1350
'90 GOSUB 2210
.00 GOSIJI 1850
810 GOSUB 2030

1360 I=I+l
.70 S=S+,
880 Z --- Z9980 Z=-!+

900 IF .[\3 THEN 920
910 GOSUB 5910

920 GOTO 740
930 M9'MI
940 Al:FNA(FNS(AI))
950 A2:FNA'FNS (f2))
960 A4:A1
970 A5:A2
990 TS:T2

1000 M4N11
'- 1010 N5:=M2

,.:.],*,,:,,
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1020 R4=Rl
1030 R5=R2
1040 X~(-- I T TN 4A);:~ ("+5 / NC I-4 ANk(TS+A.))
1050 R3zRl+(X3-Xl)*TAN(T4-A4)
1060 T:T4
1070 A:A4
1080 M=M4

090 Qh=FNQ(A)
1100 G1=FNG(A)

*1120 AzA5
1130 M=0~5
1 140 g022:FNG(A)

e\ 1 150 IF R2:0D THEN 21180
*1160 F2:FNF(A)
I 110 N3=((T'-T2 l+Gls(R3-R1 )/R4+F2 ,R3-R2)/R5+1.t~1+Q-2. )/(O1IlfQ2)
1180 IF M3>1l THEN 1200
1 190 3=hl
'1200 T7=02:*(M3-fl2)-F2d*fR3-R2')/R5

V ''12110 T3=T2+Tl7
12210 IF ABS(M9-M3)<0.0O00 THEN 1340
11230 M9=M3

1Q40 T4=(T1+r3)/2
1250 TS=(T2+T3) /2-

C-1260 . 4 =(M 1 +03)./2
C.1270 Ncj(M!6+3)'2

1280 A3=FNA(*FNS(M,3))
12L90 A4=(A1+A3)/2-'
300 Ac5=(A!2+A3)/n2

'310 R5=(R3+R'2)/2

J -L6iTt 1040

'1360 R2:R(I,1)

1380 T2=T-I,1)
'1390 A1=FNA(FNS(M2))
' 1400 M9=M2
'1410 A 5 =A2
142)0 TS=T2F1430 M5=M2
1440 F:5-:R2
'1450 T9=TAN(T3J+A5)

*1460 IF X2)X?' THEN 2120
A70 IF X3'>:X7 THEN 212-0

I s '1480 IF PS='YES' THEN 1600
'1490 XO=((X2*T9-R2):,T9)/(T9,#.T9-Co)
1500 X9z(R2*R2+X:&-X2 *T9:e*T9-2sR2:*X2:tT91 )/(T9:*:T9-CO)
1510 X3=+X0+SOR(X0.X0-X9)
15260 IF MW>X THEN 2120
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1530 R3=SQR(1+CO*X3*X3)

1540 T3=CO*X3/SQR(1+CO*X3*tX3)
1550 T3=ATN(T3)
1560 G2=FNQ(AS)
1570 FI=FNF(A5)

'1580 MI3:N2+(T3-T2-+F2(R3-R2)/R5)/02-
'1590 IF B$(::."YES" THEN 1700

1 610 X9=TCO+1 4-rQX

lil20 X3=X95QR(X9*X9+(C*C-X:X)/(T9::T9+1))-
1630 IF X3>X7 THEN 2120
*1640 R3=1+CO*(1-SOR(1-X3*X3/(C0.#CO)))

'1650 T3=ATN(1/SOR(CO*CO/(X3*X3)-1))A
1660 PRINT X3,R3,T3*57.12958
1670 02=FNO(A5)
1680 F2=FNF(A5)

-'1690 M3:f2+(T3-T2I+F2*(R3-R2!)/R,,)/02

'1700 IF ABS(M9-M3)<0.0001 'THEN 17180
1710 ?I9=M3
17260 T5=(T2+T3)/2

61730 M5:(M'6+M3)/2
1740 A3=FNA(FNS(M3))
17'l5 0 A5= (A2+A3)/.)
1760 R5= (R3+R2)/
1770 GOTO 1450 - .

.1 80 X8=X3
1790 R8zRJ
800 N8:M3

1810 T8=T3
18210 1 F X 3 :.L 0N A 1Y2 1(0 T HEN 1322
182 1 GOTO 1840
1822 GOSUP 6730
1840 RETURN
1850 FOR J=K--'~ STEP' I-

1 S''0 M( I + I J+1 )=M( I+1,J)

1890 T(I.1,J+1 )T(I+l,J)
1900 NEXTJ
'1910 J=1
19210 X(I+Q1)=Xs
'1930 R(I+1,1.)RB
'1940 M(I+1,!)=MO
1950 T(1.1,f)=Tg
1960 IF X(I+1,1)eX7 THEN 1990
'1970 IF Pe0 THEN 1 990
1980 GOSUD 2570

1990 K=K+2
2000 IF P<0 THEN 2020
2010 IF X(I+1,1) .E THEN 2740
2020 RETURN
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2030 IF 1=2 AND V 0 THEN 3020
2040 PRINT "ROW #1U'U
2050 FOR Jz1 TO K-S

\b ~2060 IF j<O' THEN 2100
?070 IF J=G AND P-:.0 THEN 3040

-*- -080 PRINT j,X(I+,,j),R(I*1,J),M(I+1,J),T'I1I,J)5.'29c8
100 NEXT J

2110 RETURN
2120 IF X3* O AND X4' THEN 110

2.l40 R3=R7+(X3-X/7)*TAN(T0)
?2150 T3=TO
21160 IF B$="YES" THEN 16170

2 1170 SOTO 1560
21180 M 3= (02-*M,1+ TI+Q I,M I -G I R.3-1,, >"R4 9U2/2+n I
2190 T7=02*(N3-M2)/2
220 SOTO 1210

210 zX(I ,K-S+ 1)
2 20 R1=R(I,K-S+1)

~~.* V 2230 1(,-S)
2240 T1=T( I,K-S+ 1)
225 A1=FNA(FNS(Ml))
2 260 Mf9=1.01

270 A4=Al
2280 T4=T1/2
2290 N4=M1
2300 R4=Rl/2
'12310 T9=TAN(A4-T4)
2320 X3=X1+R1/T9

. '2330 G1=FNG(A4)
201Q=FNQ(A4)

2350 M3=M+(TT-Gl),'ql
2 360 PRINT "M3,AXIS=- i3

I .370 IF ABS(M3-M9 :..001 THEN 2430
-380 M9=M3

-400 A7=7NA,7NS(M3)Y

'.430 V4z1+ .- ) --X

s-* 'd 440 R(fI,K-S+1h0o
2 450 lI(I+1,K-5+11=M3
2460 TCI.1,.K-S+I)=O
2470 IF X3'LO AND X1-110 THEN 2472

4* 241 SOTO 2490
247 2 GOSUB 6675

- 490 RETURN
2500 FOR J~l TO K-S

2520 R(1,J=R(3,J)
2A30 M(,J)zM(3,J)
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250T(1,J)=T(3,J)
2550 NEXT J
2560 GOTO 2020
2570 D1:FNA(FNS(M(I-1,1)))
2580 D2=FNA(FNS(M(I,1)))
2590 D3=-COS(Dfl+COS(D2)*MUl,l),/(I-1,P)

260 0 1t31I )D

.2620 PRINT "Vi *="Itu
2630 D5=D3/D4+SINT).(SIN(f2)):

...-50 'INT A C CE L-:"A TI1CN T EFP.M"D 6
'60PRINT "AT WALL POINT WHERE R/R*:"R( 1-1, X 'N ' X/,*'=IX( I- 1 1)

267 0 PRINT
2680 PRINT
'2690 RETURN
2700 PRINT "EXIT CONDITIONS FOR M="Ftj-;M8)
2 710 PRINT "AT X= X8 "R="RB"HERE THETA="T,'. 2?"rEG"
271 1 B6=X8
27 12 BI7=R8
2713 BB=M8
2714 B9=TB
27116 PRINT
2735 GOTO 3000
'1740 W1=0
,:2750 GOSUB 2950-
2760 U~EXI7 )~'+,I)XI1,)
-2770 PRINT WO
2780 Hl =X (I-1 ,1I )+(X(I, I -Xi- 1 I (J
2790 H- 'RU 1,1)+kR(I,1)-R(I-1,1P)*Wo

2810 E4=T(T- 1 1 + 'T I1 1 -T I -II
-K320 X (I ,1I =4,

-1 4, T93 TI ~H

:2860 GOSIJEB 1350
2-870 IF ABS -U0-'41 )<0.00001 THEN 22700
2 28 80 R(1+1,1)=R8

2890 X-(I+l , I)=Xg
.900 M(I+1 1,)=M8

2 910 T(I+1 ,lI)=T8
'920 IJ1:U0

2930 GOTO 27.50
*2940 60O 10 0

2950 V1=X'I,l)
2960 V2zR(I,l)
2970 V3=T(i,1)

~ -D2980 V4=M(I,1)
298 A6=Vl

* 2982 A74V2



45

2 83 A84=3
2984 A9:V4
2990 RETURN
3000 P=-I
3010 GOTO 2020
3020 0=0+1
3030 GOTO 2040
3040 N=N+l
3050 E(1,N)=X(I+I,J)
3060 E(1,N)=R(I+1,J)

'-'.3 ,. 07 0 F(1,N)=M(I,'1,J)
''-3080 G(I,N)=T(I+I,Jl

3090 GOTO 2080
5130 PRINT "TRANSONIC THROAT FLO,4 AND SUPERSONIC CONICL NOZZLE, [./278"
'T 3140 PRINT "KLIE-EL THROAT S C'JC"
'3150 PRINT "USE OF 'L:"GEL S THIRD ORDER THROAT FLOW SOLUTION
5160 REM: CONVERGENCE EXPECTED FOR R=l
"170 PRINT "ENTER GAMMA=";
5180 INPUT GO
5190 PRINT "GAMtA="GO

S,5200 PRINT
-210 A$="NO"

; '3220 PRINT "ENTER EXIT RADIUS=";
5230 INPUT 00
S 240 PRINT "EXIT RAPIDUS:"O0
5242 PRINT "ENTER X/R,E FOR FLOW PROFILE DETERMENATION";
5243 INPUT LO
5244 PRINT "FLOW PROFILE DETERMINED AT X/R,E="LO
';250 GOTO 5290
5260 PRINT "ENTER EXIT MACH N=";
5270 INPUT MO
' -3280 PRINT "EXIT MACH f="t,
'32Q0 PRINT
.1300 PRINT "ENTER THRO.AT ',D1US OF CURVATLRE=";
'1' : !T CO0
,320 ' ," IT "THPO T O.'I,, OF CULP''. ::%E="CO

5 33 0 PRINT "ENTER CONICAL QALL DI'ERGENCE ANGLE ,'EOE):;
-'*: 5340 INPUT TO

5350 PRINT "WALL DIVERGENCE ANGLE="TO""DEG)"
"3360 PRINT "ENTER # OF POINTS FOR NET:".
5370 INPUT K
'5380 PRINT "NUMBER OF INPUT POINTS=";K
5390 TO=TO/'5?.2958
5400 X7=CO*SINITO)
5410 R?71+CO s(-SQR(j--(X7./C0)2))
5420 PRINT
5430 GOTO 5440
5440 PRINT "NUMBER OF INITIAL POINTS="F'
.5450 FOR X:O TO X? STEP (X7.'10).-IE-06
5460 PRINT
5470 Y0:-+CO*(1-SQR(1-(X/CO)'2)?

....

* "
=
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5480 PRINT 'tX="X
7'3490 J:l
5500 FOR Y=O Ta YO STEP (YO/(K-Mf
9510 GaSuTh !660
"52 0 P( 1,J)=X

5~ ' 0 N E - T Y
'..560 IF B( 1,1)'..1.025 THEN 5590
55,0 NEXT X
5580 80TO 5440
590 FOR J=K TO 1 STEP C-1)
5600 X(1 ,K+1-J)=P(1 ,J)
i 96 10 R(1,K+1-J)=Q(I,J)
562-0 M(1,K+l-J)=8(1,J)

53640 NEXT J
'6 50 GOTO 310

'5660 ZO =X.#4SIR2i:C1/ (00+ 1
9670 L I =Y Y/2-0. 45 +ZO

"j-680 L)= 2*G00+ Q)*-Y'4 -(4*GO+15 Y Y)/244
5690 L2=L2+(10*G0+57),'283 +z0*(Y*IY-O.625))-('-!*GO-3)*70"3/6

~~ -~~ ~~710 L3:L3t*204-G0'2+858 0'+!269,*Y*Y,'I18-(270*0273*0121!24

.J,3 0 L4=L4+(92*lGO?!+180*tG0+639)/11152-
'j740 LS'( (13 0-2.17)/48-(5*G0-') *Y'tY/q):tZo.tZO+Zo:+.Zo*Zo (4 GO^*2-37 1G0+27)/144)
';7 5 0 L3=L3+C0*L4+L5
'5776 0 B(1,J)=1+L1/(C0+1)+(L1+L)/.F(CO+l'2 +(LlI.2*L2+L3).'(CO+f)"3
37170 NI=YtY*Y.!4-Y!4+YtZO
W890 N2=8SoG0+15)tY'5/72-(2O*-#-GO+45)*Y'3/96+(2g:,:60+7s)*Y/288
)79 0 N2:'N2+ZO*( (4*G0+9):*Y'3!12'.-(4*G)0+9)kY/12)
5800 N3 =( 6B83 6 *G 02 +16 69 5 *G 0 + 1 411 ) * Y 7 82 94 4 -(3 3 8 G 0 2 #- C:- 03,0 3 ,Y5/1192 4

8 .10 N3'J=N3.(34214*G0'2 +9183*GO+8964)*YW3/13824

'8 3: -) 4 ~5 6k - 2.? + 13 tG0 + 98) ~Y ^5,1 78 -(3 9 9 * 02+390 *G 0 #.,s 3Y 3,'57 6
'5840 N4=N4.('304*G0"'2+645*G0+549)*Y/864
'5850 N5Z0tZ0#((52*GO2+3*G0-33)*Y'3192-l'*.G0'2+2:'s30-9,.'Y,,'9Y'

* 386 0 N6:ZO 3* G+1)*Y/4
5970 N3=N3+ZOtN4+N5-N6
'5880 Z?=SQR((G0.?)/(2*'C0,lI)))
5~90 C ( 1, J)Z 9N 1(C 0+ I +15 N IN2)I(C 0 1)+15* N1/8S+2. 5.N''N3/CO4-+1 3'

*5900 RETURN
5 910 FOR J:1 TO K-S+1

*59210 X(1,J)=X(3,J)
9930 R(1,J)=R(3,J)
5940 MiI,J)=M(3,J) -

5950 T(1,J):-T(3,J)
r,960 NEXT J
J3970 1=1-2
5980 RETURN

*Z&A
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6060 B= (OO+U0*COS (TO)-Z3),,'U0
A70 PRINT "IS CDC (NOT ,[I NIJZ7CI iJA TEl?";
6080 INPUT C$
6090 IF CS>"YES" THEN 6120
6100 B=FNB(B)
6110 GOTO 6170

V" i6 120 B=-FNB(B)
610 E=X4+-U0*-SEN(T0)+S N(B))

6175 LO=E+LO*O0
6 180 GOTO 420
6190 GOSUP 2570
6200 GOSUB 560
6210 FOR J=1 TO K-3
6220 PRINT I,J,X(I,J),R(I,j)
6230 NEXT J
6,40 I:I+l

-" 6 20 S=S+t
6;60 IF -. 0 THEN 6280

' 6270 GOTO 6200

6280 X6=X(I,1)
6290 R6=R(I.I)
6300 PRINT "NOZZLE EXIT CHARACTEFlSTIC. NORMALIZED AND STORED IN FILE SONIC'"
. .310 PRINT N X , .,N i,N T I

," -' , ,.311 FOR t4=I-1 TO 2 STEP
6 312 X(N+,I'1:
;5313 R , *i. , 1o + ,;

.; TN I,1)=T(N,l

" V 316 NEXT N
31 O OTO 6500

;." "" <<320 FOR N= TO I
.3 63 0 X(I,N):(XVN,IV-Y5, '• R6

..1340 R(1,N)=R(N,l )!R6
SL63SO .4( I,N.=M (N,.
" ''1,60 T(lN)=T(N,, ;

."A370 PRINT USING 63'30,N,X'l ,N ,N1 ,iJ, ,M(1,N ,r(
6380 4#. ##.#### ##.3.Ng #4.#3## #..##.

. .6385 PRINT ,. I T
6390 NEXT N
6395 'L05E #I
6490 ST OP
6500 X2:A6
6510 R2:A'

" 6530 T2=A8
" 54 0 X1:B6

6580 GOSU9
6630 (2,1):X3

r W
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6640 R(2,1)=R3
6650 T(2,1)=T3

6670 GOTO 6320
667 jP, T "AT 333 5ECTION. . .., 

6680 B=B+1
669 9 B1=(LO-XI ).(X3-Xl"
,6690 V(1,B'=LO
6695 V(2,B)=RI+(R3-Rl)*.B1
6700 V(3,B)=MI+(M3-Mi)lB-
6705 V(4,B):Tl+'T3-T1 *hB"
6710 PRINT USING 6715, BlO,V2,,''3,8 ,Ya,B).5?.295s
,5715:# # N##. t#. Nftt , N Ni. t t.N#t -.
6720 RETURN
6730 PRINT "AT CROSS SECTION X/R,E="LO
6735 B:B+1
6740 B2=(LO-X')i(X3-X2) -"

6745 V(1,B)=LO
6750 V(2,B)=R2 (R3-R2),.B2
,755 V(3,B)=M2+(M3-M2)*.2
'.7160 V(4,B)=T2+(T3-T2)*B
6 76 5 PRINT USING 4715,L ,W_ ,., ,.;3,P ,,,4, , ,S3. .2..
770 RETURN

7 8 0 E N D "

I-EA D ."

i a  a.

* I"

""" t

.. ,

'. i ' -4 '; 'i ; ' ' " - -" : . " . - -.:-: ; -". .. -..-.- -, . .... -: . - . - .. . - - . . . -.. . . . ...
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. Program JETC

Program JETC calculates the inviscid plume shape using the MOC.

The last characteristic line, calculated and stored in file "SONIC" by

program CDCSECT, serves as a starting condition.

~ *~ input

quantity symbol explanation

y GO specific heat ratio

"-.; ML MO exit lip Mach number

re/r* 00 exit radius

MjS M6 jet surface Mach number

K number of points in MOC net

output

- x/re , r/re and e (deg) for the plume

tAll plume dimensions are non-dimensionalized by the exit radius.

* , S-

4%

.5.. ..

,-

.-, 4,-

,. ""
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50

00005 PRINT"PROGRAN JETC"
00010 PRINT "JET BOUNDARY FOR GIVEN NOZZLE EXIT CONDITIONS,HHK, 1/31/78"
00015 PRINT "FLOW THROUGH NON IDEAL CD NOZZLE"
00020 DIN A$(3),B$(3)
00025 PRINT "ENTER GAMMA=";
00030 INPUT GO
00035 PRINT "GAMMA="GO
00040 PRINT
,.0045 PRINT "IS EXIT MACH # GIVEN?"ll

1. , , .. K, PRINT " TEF E'I :
00065 INPUT 00
00070 PRINT "EXIT RADIUS="J0.
00075 GOTO 110
00080 PRINT "ENTER EXIT MACH #=";
00085 INPUT MO
)0090 PRINT "EXIT MACH #="MO
00095 PRINT "ENTER JET SURFACE MACH I=";
00100 INPUT M6
00105 PRINT "JET SURFACE MACH #="M6
00110 PRINT
00115 PRINT "ENTER I OF POINTS FOR NET=";
00120 INPUT K
00125 KO=K -'

00130 PRINT "NUMBER OF INPUT POINTS=";K
00135 PRINT "INPUT FROM SONIC FILE?"; E
n0136 INPUT B$
)0137 IF B$="YES" THEN 1390
00140 DIM X(21,11),R(21,11), (21,I1),(21,11)
'.0145 DEF FNA(X!=ATN(1lS0R(XX-))"
(.)150 DEF FNS(X)=SIR(2),X/SOR(,+51 1-, . f.,X)
00115 .: - : ... ,' . ,

016) F.F F r -'A.3-,T SIN(A)/S.[.(T4A)
00165 DEF FNG(A)=SIN(T)*SIN(A)iSIN(T-A)
001'0 PRINT "INITIAL POINTS ALONG CHARACTERIsrIC CURVE"
00180 I1
00185 PRINT "I=1"

* 00190 FOR J=1 TO K
00195 INPUT X(I,J),R(1,J),M(1,J),T(I,J .-
00200 PRINT J,X(I,J);R(I,J);M(I,J);T(I,J)
00205 NEXT J
00210 TO=T(1,1)
00215 PRINT
*)0220 PRINT
00225 PRINT "FLOUFIELD COMPUTED, ALL POINTS PRINTED"
00230 PRINT" J X R Mt THETA"
00235 PRINT

- I '.

*-4

.4..

V.'-
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00240 PRINT
00245 S=1
00255 IF 1>1 THEN 270

.~ ,~ 00260 GOTO 850
- 00265 I=1
. ." 00270 GOSUB 285

00280 GOTO 365
"0125 FOR J= l TO K--

." 1305 '2=R, 1, 4.l
-'.) 0310 M1=M(,'*l,J)

00315 M2=M(I,J+)
00320 TI=T(I+1,J)
(0325 T2=T(I,J+I)
00330 GOSUB 395
00335 X(I+,J+1)=X3

" 00340 R(I+,J+l)=R3
00345 M(I+1,J+1)=M3
00350 T(I+I,J+1)=T3
00355 NEXT J
00360 RETURN
00365 GOSUB 635
00370 PRINT
00375 1=1+1
00380 S=S+1
00385 IF 1*::.(N-1) THEN 1210
00390 GOTO 255
00395 M9:1.01
00400 A1:FNA(FNS(M1))
00405 A2=FNA(FNS(N2))

1 00410 A4A1
00415 A5=A2
(0420 T4=T1
00425 T5=T2
00430 M4N1
00435 5"N2

S'00440 R4:RI
00445 R5=R2
00450 Us (R2-Rl+X!ITAN(T4-A4) -X2 TAN(TM+,)(TAIM(T4-.A-Ti T5+,S)
()0455 R3=RI+(X3-X1)*TAN(T4-A4)
00460 T=T4
10465 A=A4

- 00470 ,070 4
* # 5' NOU4

'0495 A M

.NA

tr,

a'....,.,' '.:' ,'' ".:,,?.:,.:''.: ',.;; . .?:: : - 7 . '
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00505 IF R2:0 THEN 665
00510 F?=FNF(A)
00515 M3Z((T1-T2)+G,*(R3-Rl)/94,F2*(R3R2)/R+i*N:I+02M2)/(D1+02)
00520 T7=02*(M3-M2)-F2*(R3-R2)/R5
00525 T3=T2+T7
00530 IF ABS(N9-N3)(0.0001 THEN 580
00535 M9=M3
0)0540 T4=(T1+T3)/2)
00545 T5=(T2+T3)/2
00550 M4=(M1+M3)/2
00555 II5=(M2+M3)/2
00560 A3=FNA(FNS(M3))
00565 A4=(AI+A3)/2
00570 A5=(A2+A3)!2
00572 R5=(R2+R3)/2 -

00573 R4=(Rl+R3)/2
00575 GOTO 450
00560 RETURN
"0A585 FOR J=K-S+l Tn 1 STEP (-1)
00590 X(I+,J+1)=X(I+1,J)
00595 R(I+1,J+1)=R(I+1,J)

015 !F- E 1

*63) 3 'MO 365
00635 PRINT "ROW #:'I+I
00640 FOR J~1 TO K
00645 PRINT USING 650,J,X(Ifl,J:,R E+1,J),M, i+1,j),T(I 1,J)*'i80/3.14159?
00650: J=#. X=##.#### Rt##.### M=##.#### T=##..4##N
00655 NEXT J
00660 RETURN
00665 M3=(02*M2I2+T1+01*N1+G1*sR3-RflR4/(I2./2)+Qa
00670 T7=O2*(M3-N2)/2
00675 GOTO 525
00680 X1=X(I,f(-S+1)
00685 R1:R(I,K-S+l)
00690 M1=M(I ,K-S+1)
00695 T1=T(I,K-S+1:)
00700 A1=FNA(F'S(MI))
00705 M9=1.01

V00710 A4=A1
07 15 T4=T1/2-
0 070 M4=M1
)0725 R 4 =R1.

00730 T9:TAN(A4-r4)
00735 X3:X1+R1/T9
007140 G1=FNG(A)
i*10745 01=FNG(AC



0 0 4 .l T*3 4 '9.c

=055I -. . . .M~'.. . . . . . . .-...H..-.85

00760 M9=n

.500760 R(9=113~~z
* .00765 N(N1,-N3)2

00870 A3:FNA(FNS(N))
- 00775 RETURN3)/
*00810 FOTR 730T K1

0085 X(I1 ,K-S+1 ,)~
- 00820 R(I+,K-S+13,)0

00795 N(I,J)=K-S+1)
00800 T(I.,K-S+13,)
00805 REXTURN
00810 I= 1T 1-

.~ ~ 00815 X(1,J)=63J
00820 R(O=R(3,J+)/G-)
00825 PRINTM(,J
00830 PT,J) DL-NYT(3,J)SO~
00835 NEXTJ
00840 1=1-2 )=*G~'G+)''-4(0 1)Xt)

00875DE LO=SQR((G (X~y./(01)/(GO-1))!,:

rJ08 PRINT
00890 PRINT "IRNTAL SLOP (EGW-1SIO

00865 PRIT2

PR10HINT"NTILSOP IEG=L

*00910 H(1)z0

0092-0 J(1)=L9*3.?4159/130
0)0925 J~1
00930 PRINT "ENTER I STEPS=";
00935 INPUT N

400940 NO=N
00945 PRINT "I OF STEPS="H
00950 FOR M=MO TO Ml6 STEP (M6-MO)/(N-1)
00955 N1:FNB(M)

- *.00960 O=FNO(MI)
00965 PRINT "N:'N;'M*=*Ml;"OflE6A=:0"DEG:"O*180/3.14159

400970 X(I,J)20
00975 R(I,J)z1

-. 00980 M(I,J)=N1
-. 00995 T(I,J)=O-FNO(FOB(NOfl+TO

00990 121+1
S00995 NEXT M
I*01000 GOTO 265
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01005 J=1
01010 X2zX(N J+1)
01015 R2=R(N,J+1)
01020 Mil=M(N,J+l) .
01025 T2=T(N,j+Il

00 A3=P-IAfFNS(M(N,Jfl)
01040 Rl=RfN,J)
01045 X1:X(N,J)
01050 MI1=N(N,J)
01055 TI=T(N,J)
01060 A5=A2
01065 M3=FN3(N6)
01070 A3=FNA(FNS(M3))
01075 T5=T2
01080 M5=M2
01085 R5=R2
01090 T9=TI
01095 X3:X2
01100 X3=(R1.-R2+X2*.:TAN(TSJ+A5)-X1*TAN(T9))/'(TAN(TS+ASV-TAN(T9))

*01105 R3=R2+(X3-X!)*TAN(T5+A5)
01110 02=1/(M5*TAN(A5))
01115 F2=SIN(A5)*SIN(T5)/SIN(A5+T5)
01120 T3=T2.02*(H1-M2)-F2l*(R3-R2)!'RS ..

01125 T9=(T1+T3).12
01130 X7=(RI-R2+X2*TAN(T5+fA5)-X1*TAN('T9))/(TAN(TS+A5)-TAN(T9))
01135 IF ABS(X3-V()/0.001 THEN 1170
"M1140 X3=X7
01145 T5=(T2+T3)/2
*)1150 MS=(M12+M3)/2

- 01155 A5=(A2+A3),',

,i I 0,9

01! 75 PRINT "R0=uR;"X3=*X7; 9 R3="R3; "T3(tEG)=*T34.*i8O/3.l415j9;"M3="M6

'4, 01185 K(P):RO
01190 R(N+l,1)=I(P)=R3
01195 M(N+1,1)=M3

0 01200 T(N+1,1)=J(P)=T3 '
01205 RETURN 4

01210 J~1
01215 GOSUB 1005

*01220 GOSUB 1250
01225 N=N+l
01230 P=P+1
01235 IF N>NO+KO-2" THEN 1330
01240 K=K-1
01245 GOTO 1215
01250 FOR J~1 TO K-2

*01255 XI=X(N+1,J)
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012160 X2:X(N,J+2)
01265 R1:R(N+1,J)5 0170 R2:-R(N ,J+2!)
01275 Mh=M(N+1,J)
.)1180 M2=M(N,J+2
Q1 '85 T I=T (N .1, J)
01290 T2zT (,J)
)1-195 GMSU 39
01300 X(N+I,J+1),'X3

0 1310 M' ~ Zfli3

32~ NEY' J

f0133-0 PRINT '$4TER S3EGMENT #'

I1335J INPUT P
*01340 P=P+l

0134S PRINT "P='-P
031350 PRINT "[NPUT t'S:"
0)1355 INPUT 0
1)01360 U=J(P-1)

*01365 UI=COSilIl)
01370 U2=U1 -(-IP-1 /1-( P)
11375 U2=ATN (SR ( I-;J2 02) /U-11
0 1380 PR INT "AT R.DIS "TEA I2 8,.119* "(-I4K( SIN( l'0 2
01385 GOTO 1330
01390 1=1
01400 FILE 41="SONIC"
01405 FOR N~l TO K
01410 INPUT N1,D(1,N),E(1,N),Ffi,N),Gl1,N)
01415 NEXT N
0 14 20 FOR J=1 TO K
Q 142 5 -(( IJ:'(1

-01430 RM ( I1J

0 14 40 T( ,J3 ) j)

')1450 GOT:
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.. 4

p Program NOCON

Program NOCON uses a second-order, non-ideal conical source flow

. approximation to determine a plume. shape. The reason for running this

program, besides as a comparison to Program JETC, is that as an output

the initial deflection angle, eF, and the initial radius of curvature,

RF, are given (convenience). These parameters serve as input to Program

PSIM.

inpu]

r quantity symbol explanation

y A specific heat ratio

ML B exit lip Mach number

9 L C nozzle exit angle (deg)

MS D jet surface Mach number

.:, IJ* CO measure of the local rate of

acceleration near the nozzle

lip [121

output

8F, RF, x/re, r/re, and 8 (deg) for the plume

F9 F e

"i ""

* 5**; *,g~p. 5~5. ** p ' ,*
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3DEF FNA(X)=ATN(X/SOR(1-X*X+1E-99))
35 DEF FNB(X)=ATN(SOR(1-X*X)/X)
40 DEF FNR(N)=((2+(A1I)*l*M)/(A+1))"((A+1)/(2:*(A-1)))/

*45 Z=O
50 PRINT "PROTOTYPE FLOW SPECIFIED"
'55 PRINT "ENTER GAMMA-P";
60 INPUT A
65 PRINT "GAMMA="
20 PRINT "ENTER NOZZLE EXIT MACH-;
'3 INPUT B
'30 PRINT "ML-P="1B
135 PRINT "ENTER NOZZLE E'C'~3L"
~0 ItFU T
J5 ' reT ' TET- p"

'100 PRINT "IS3 NOZZLE IDEAL-CONICAL?";
*105 INPUT A$

110 PRINT "ENTER JET SURFACE MACH";
'115 INPUT D
120 PRINT "MFP="D .

125 PRINT
"130 F=('A-1)/!(A+1))'Q.F9
'135 G=FHAU1/E)
'140 H=C-G+1.5708
;45 E1:ATN(F/TAN(G))
*150 BO=(E1)/F-H
'155 DEF FNC(X)=(((A+)/2)*X2!)!/(1+((A-flX2-1/2)
160 I=FNC(B)
'165 J=FNC(D)

70 X=I
%j 1 '5 GOSUB 205

1 80 01=4
'185 X=J
'190 GOSUB 205

* 195 024L
200 GOTO 220
2 05 Kz((1-X)/(X-1/F2))^0.5
:110 L=ATN(K)/F-ATN(K/F)
215 RETURN
220 C2=-2*-F,/(COS(El)1(((3,A)-1)/f(2 (A-1))):*-SIN(E1 ^0.5)
..225 IF AS="YES" THEN 255
230 PRINT "NOZZLE IS NOT IDEAL-CONIW"_,

35PRINT "ENTC9' EX? 7 L';

240 INPUT CO
'145 PRINT "EXIT VALUE OF Ul 0"C0

L
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M50 GOTO 260
25C0=3*SIN(C)*SQR(FNC(B))/(B*B)

:?6o C1=CO*C2
'265 E2:El+F$(02-O1-FNA(1/D)+fFNA(1/B))
270 Dl=(E2-El)/10
215 Sl=Sl:S3=S4=0
80 FOR N~1 TO 10 STEP 1
285 E3=El.D1*(N-l//2)
290 Sh=COS(E3/F)'9IN(E3)Y(-0.5) *COS(E3)(-l/I( 2 *:F"2)+. Il +3
295 S.2:SIN(E3/F)*tSIN(E3)V(-O.5)*COS(E3)"(-1f/(2*F^2) )*EI1+S')
.100 S3=SIN(E3/F):SINE3)(1.)COS(E3)'((A-3)/c-*(A-1)))*D1+S.3
305 S4=COS(E3/F)*SIN(E3)"'-1 5)'.CO S(E3)'(( -3)/'2If(A-1)f..~
10Q NEXT N4

20 I

325 C2=FNA'(1/D)
330 T2=C+02-01
335 R0=-( (U1/'SQR(J)+SIN(T2)*31ZNU32' .)"2)/-c,34'IN(2*G2))

340 Rl=-/-:0
~ 345 PRINTr 350 PRINT "SOLUTION"

352 T2=T2*057.296
:335 PRINT "INITIAL SLOPE OF PLIME THETA-F:="-!
360 PRINT "(INITIAL) RADIUS OF CURVATURE ril"rel'136 IRN
370 PRINT
'375 PRINT "PLUME SHAPE APPROXIMATEDl BY CIRCULAR ARC"
1390 T2:=T2/57.2-96
390 FOR S=0 TO 1 .5 STEP 0.1
395 T=FNA(SIN(T2)-(S/Rlf
400 S=R1*(SIN(T2l-SIN(T))I

AOPRNT S;R;T*57 .20.>
20 NEXT S

.125 PRINT

430 PR INTI
' ~ IEAiY.
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Program WSHOCK

* "." Program WSHOCK uses Weak Shock Modeling to calculate an equivalent

V'. . jet surface Mach number to model a prototype gas with a different spe-

cific heat ratio having the same pressure rise-deflection angle re-

lationship.

input

quantity symbol explanation

Y p KI specific heat ratio of the prototype

yas

M.- MI jet surface Mach number for the,-.. ?. Fp

. "prototype gas

Ym K2 specific heat ratio of the model

gas

. .-.

output

MFm M2 jet surface Mach number tor the

me-i ' " model gas

"a. -::
! 0,

",
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'5, PRINT "UEAK SHOCI. M'ODELING, JET SUFRFACE MACH INUiBERS, HHiK,1,15,80"

10 PRINT "ENTER GAMMA,PROT. K1 AND GAMMA MODEL, K2=";

20 INPUT Kl,K2

30 PRINT "GAMMA, PROTOTYPE="K1;"GAMMA, MODELz"K2

40 PRINT "ENTER M,F JET MACH #, PROTOTYPE=";

'30 INPUT Ml
60 PRINT

-0A=MI4/(MI*MI-I )"

80 B=A*KI*Kl/(2*K2%*N2)
90 X=B+SQR(B*B-A*1 *K I /(2-'K2) ) 

"'.

100 M2=SQR(X)

110 PRINT "M,F-PROTOTYPE="M;"M,F.--hODEL.:"M2
120 GOTO 40

130 END
READY.

p 
,d

h,°s

1%"

It..°

..;

,%.

• °
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* Program SECTP

Program SECTP calculates flow properties at a given cross section

within the plume using the MOC.

~' I'.,input

quantity symbol explanation

GO specific heat ratio

sMjS M6 jet surface Mach number

K number of points in the MOC

net

ZO cross section at which flow

properties are to be calculated

x/re, r/re, M* and 8 (deg) characteristics stored in file

"SONIC"

u output

x/re, r/re, M* and 0 (deg) at the prescribed cross section

wad

e e.

'.-, *
'. -,-

.

S
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. PR INT "cL- ' .Q ' i. l;" .... -
P'n RRINT '" ,, - , CAL.U .TED F F , 3 R:,,)q: SG-".,

22 FILE I1="SONIC"
25 DIM A$(3),B$(3),CS(3)
27 00=3.141592
.30 PRINT "ENTER GAMMA=";
35 INPUT GO
40 PRINT "GAMMA="GO
45 DEF FNEfX)=ATN (" .le;1-X*Y'-iE-?Q)
'0 PRINT
'I05 PRINT "ENTER JET SURFACE MACIH I=";
110 INPUT M6
"115 PRINT "JET SURFACE MACH N="M6
I120 Y=O
125 PRINT
130 PRINT "ENTER N OF POINTS FOR NET";

135 INPUT K
140 KO=K
145 PRINT "NUMBER OF INPUT POINTS=";K
"155 DIM X(11,I1),R(11,11),M(11,I1),T(11,11),A(4,21),V(4,11) .

160 PRINT "ENTER ZO'O IF FLOW CROSS SECTION TO BE CALCULATED AT ZO";
"165 INPUT ZO
170 PRINT "FLOW CROSS SECTION DETERMINED FOR ZO="LZ
175 DEF FNA(X)=ATN(1/SQR(X*X-1))

180 DEF FNS(X)=SQR(2).....R(G+1-(O-1)*X)
135 DEF FN9(A)=T/(,lpTA N(A)
'190 DEF FNF(A) =SNN(T)Si N T'
95 DEF FNG(A)=S!N(T" IN,A).S I N(T-,)

200 PRINT "INITIAL POINTS ALONG CHARACTERISTIC CURVE"
210 1=1
215 PRINT "I=1"
220 PRINT "DATA FROM FILE=O,FROM IEY=1";
225 INPUT L
2 30 IF =O THEN 1965
235 FOR J=1 TO Y'
2337 PRINT"ENTER X!RE, R.'RE, M*, THETA(RA,) FOR POINT I ",
240 INPUT X(1,J),F(1,J),A(1,J),T(1,J)
245 PRINTJ,X(I,J),R(I,J),M(I,J),T(I, J)
250 A(1,J)=X(I,J)
255 A(2,J)=R(I,J)
260 A(3,J)=M(I,J)
265 A(4,J)=T(IJ)
270 NEXT J
275 PRINT "SHALL DATA SE STORED IN FILE 1(SO.IC'"
)80 INPUT B$
285 IF B$<0"YES" THEN 295 V,

288 FOR J=l TO K

,-?

0I

-.p



65

2 89 PRINT #It( J R ,),( J,~1!
92~ NEXT J

SCLOSE # I
25 TO=T( 1 ,I

300 PRINT
302. MO=FNS(A(3,1))
303 PRINT"EXIT MIACH I =N
305 PRINT
310 PRINT "FLOWFIELD COMPUTErI, A~LL POINTS PRI4NTED"
:315 PRINT" J X./PE= R/RE:= .4 f THETA="

*.520 PRINT
32.5 PRINT
330 S~1
340 IF IEl THEN 355
345 GQTO 965r

*350 I1
355 GOSUB 365
360 GOTO 475
.3d5 FOR 3:1 TO K(-1
370 X1:X(I+1,J)
3715 X2?=X(I,J+I)
.380 R1=R(I+I,J)
385 R2=R(I,J.1. r
390 N1=M(I+1,j)
.395 MZ=Mh',J-f)

105 T2=T(1,+13

140 GOTP 4505
115 VOSUE: 164

1IF X3: ZO Y-+ AND X2KZ Tf4EN 460
155 GOTO 450
'160 GOSUP 1680

465 GETr 46

:110 RETURN
175 GOS1JB 745
180 P RINrT
-185 111

490 S=S+t
495 IF I7 (N-1 THEN 160
'.300 GOTO 340
,.j0 5 M9:1 .01
'10 Al=FNA(FNS(Nl))
5 15 A2=FNA(FNS(M2))
5 2 0 A4=A1
5325 A5=A2
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530 T4:Tt
535 T5*T2
540 M4zMl
545 f5:
550 R4=RI
555 RS:R2

565 R3=Rl+(X3-X1)*TAN(T4-A4)
570 T=T4
575 A=A4

580 l=fl4
5385 Q1=FNG(A)
5 90 G1=FNG'A!
1595 T=T5
600 A=A5

605 M=M5
610 02 FNOVA)
615 IF R2:0 'THEN 730

6520 F2=FNF(A"
J2 Ml=.,T 1 -:*o1 T")01 /'3 R 4 .- 2 R5Q ilQs 2/O

630 T7:O2 -*(M3-M2)-F2*(R3-R2I)/R5
*635 T3=T!+T7

640 IF ABS(M9-M3) p0.0001 THEN 690
* S45 l19=M3
*650 T4=(Tl4T3)/2

6155 TS=(T2+T3)/2

6565 M5=(M2+M3)/2

670 A3:FNA(FNS(M3))
675 A4=(Al+A3)/2

60A5=(A2+A3)/2
6585 GOTO 560
690 RETURN
695 FOR J=4(-S+l TO I STEP (-I)
200O X(I+1,J+1)=X(I+I,J)
'05 R(I+1,j+i)=R(I.1,J)

2710 M(I+1,J+1)=M(I+l,J)

;20 NEXT J
* 25 K:K+2

230 GOTO 735
235 IF 1:2 THEN 925
240 GOTO 475
45 PRINT 'RIGHT RUNNING CHARCTERISTIC R"I*1

0 255 FOR J=l TO K
'60 PRINTj,X(I~1,J) ,1'JMT' T+ ~I I 1,YT j t-1~
7,0 NEXT J
.' 75S RETURN
7'80 M3=(Q2*M26/2+T1*00*/180+0ltM1+rI t (R3 -R 1/R.(02/2+0 1

.. IV 75 T7=02*(113-M2)/2
790 G OTO 635
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800 RI=R(I,K-S+1)5805 Mlzh(I,K-S+l)
8 810 T1=T(I,K-S+l)
'315 Al:FNA(FNS(M1)

* 820 M9=1.01
*825 A4=AI

8330 T4=Tli/2
(335 M4=M1
1340 R4=R1/2
8345 T9=TAN(A4-T4)
'350 XJ=X?+Rl/T9
255 G1=FNG(A4)
860 g1=FNQ(A4)
865 M3zM + ( Tl *0/1 80-G 1)/01
1 70 IF ABS(M3-M?)K.O'.001 THEU 900
0175 M9=M3
8380 M4=(Ml+M3)/)
1185 A3=FNA(FNS(N3))
8?9 0 A4=(Al+A3)!2'
1395 G0TO 45'-

coX,'I+l J. 1+1.

.. 205 RT+,Kfl-S+1)=;m0
915) T(1+1 , K-34 )"j

"'0 PETUF'N
FS 9,7; j: 1 r,,

CO X1 j 11=r:3, j)

924 9 T(1J)=T(3,J)
5 0 NEXT J

* "55 1: =-1
Q60 GiJTO 740

?7 RN
9?75 PRINT "FRANE'TL-MEYER EXPANSION"
.80 PRINT

79?0 DEF FNC(X)=SQR((X*X-1)/((GO+1)/(30-I -X*X))
995 DEF FNO(X)=LO*ATN(FNC(X))-ATN(LO*FNC(X))
'1000 L9=(FNO(FN8(M6) )-FNO(FNB(MO) )+TO)t'iSO/p0
1305 PRINT
1010 PRINT "INITIAL SLOPE (DEGj)="L?
'1015 I=!
'1020 P:

!023 HCI):
1330 1I1)=I
1035 J( I tj*O'23I

* 1040 J:1
045 PRINT "ENTER N STEPS '



468Al

1050 INPUT N
A.1055 NO=N

'I 60 PRINT "# OF STEPS3:'N
1065 FOR M=MO To MNPIlE-05 STEP (M6-MO~/N1
'1070 M1=FNB(M)
10715 O=FNO(M11
1080 PRINT "M=M; 'M*="N1 ; OMEB.Az"0;"E:TD,~/

1085 x(I,j):0
'1090 R(I,J)=1
1095 H(I,J)=N1
*1100 T(I,J)=O-FNOtFNB(MO))+TO
1 105 1=1+1
"1110 NEXT M
1115 GOTO 350
'1 120 J:1
1 1125 X2=X(N,J+1)
1 130 R2=R(tl,j+l)
*1135 M211(N,J+1)
1 140 T2:T(N,J+i)
'1145 A)=FNA(FNS(It2))-

* 1150 A3=FNA(FNS(M(N,J)))4
1 15 c Rl=R(N,J)
1160 X1:X(N,J)
1 165 M1=M(N,J)
1170 T1=TiN,J)

11715 A5=A2
1180 f3:FNB(M6)
1 185 A3=FNAMFNS(M3))
'1190 T5:12
'1195 M5A2
12.00 R'5:P2
205 TP=Tl
4,10 X3:X2 "

y.T9

'225 O2:1X(15TAN,( -15)
-1230 F zIN A z~IN(T5)!lSIN(AT+T5)

*1-235 T3=T2-+O)2 MlM1) -F2* (F3-R)
1640 T9=(T!+T3Y/'

'1245 Xl=R-A)XltMTr+5-ltTNT ~ TNT-'
1250 IF ABS(X3-X7)(:0.001 THEN 1285 -

255 X3=x7
1260 T5=(r2+T3)/2
'41265 M5=(MN2+M3)/!2

*1270 AS=(A&'+A3)/2
*** 4,1275 R5:(R2+R3)!/2

1280 GOTO 1220
1285 R0z(R1-R3)/(COS(T)-CO3(T31)
1290 PRINT
*1295 PRINT "RIgHT RUNNING CMARACTERISTIC #"N*1

*1300 PRINT 'R0="RO
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S.: '1305 PRINT1,X3,R3,M3,T3kl90/Q0
'1310 IF X31::ZO AND X2"ZO THE4 1320
'1315 GOTO 13245
'1320 GOSUB 1730
:325 X(N+ , -.

'I 3c5 2 I H( 'Z 0 il;:t H' P :- "JEI 220
3 ]5 ET'URN

Jz
.3650 "S I 1 '20

" 1372 .]OS'J9 14'))'
i 7 1as li? I
775 [ N + I '-

390 P- +I

*1 iP GOT0 1365
1 400 FOR 2I TO K 21405 fI= "H+I ,J) -

120 R2R(N,J+2)
r 45 T:=(N,1,J)I

430 M2=M(N, J+2)
D 1435 Tl=T(N+1,_2)

1 440 T2=T( N,:+2)
'l 445 30SUB 505
1 450 Y(N+ , +1 X2
1455 R(N+I,J+1 .,=F:
1 460 M(N+ ,J+ I:=M3
46e T(.'+ Ij+ I)=T3

1470 PRINTJ+1.,X3 , R T 3 . , " .... k
i4'5 .!F X 7 -o ANrl :'":Z THEN 4 8!-
*4:' 0 . OTO 1 90

,9 -'r, I

4?0  :IT i t ,, ' , "
10c r,1Ti ic:)

- 1500 Gni 0 1U 0,
1505 NEXT -
1 510 RETURN FA

. 155 F'lNf 'E;TER SEGMEt4T #."

~ \1520 INPUT p
1525 IF P='= THEN 1850
[530 P=-'+i
1 35 PRINT "'="P-I-
1540 PRINT "INPUT .Aft rJS ";
1545 INPUT 0

SI1550 U:J(F-;
555 U1=CCS(UJ)

46

a "

4 . . 'k.q- "  
* W '. -

[ ,4.
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1560 U2:IJ1+(Q-I(P-1))/K(P)
% '~1565 U2=ATN(S0R(1-U2*-U2) ' 2)

1370 PRINT "AT RADIUS="GhTHETA=wU2:8/QO;hX="1(F-l).K(P)(SI!(U)9IN(LI2)))
* 1575GOTO 1515

1585 FOR J~1 TO K
*1590 X(1,J)=A(1,J)
1595 R(1,J)=A(2',J)
'1600 N(1,J)=A(3,J)
*1605 T(1,J)=A(4,J)

* '1415 NEXT 2-
620 FOR J=2 TO K

-. i 130 NEXT i
163c, GOTO 295

640 PRINT "AT CROSS SE:CTION X="."
'1645 Y=Y+1

*1655 1)(1I, Y)Z 0
'1660 V(_),Y)=PR.4(- 1 ) QI

* 1665 ',(3,Y=Mi N(3-Ml ~1 14

*1070 V(4,Yl=(T3-T1)I:'V'+T1
16'7 5 PRINTY, 1 . 1 !' ,'2 ,'I'(,Y')'' 1113 0/O00
'I 80 RETURN
,1685 PRINT "AT CROSS SECTION '(=11-7

'1690 = l
1695 V2=(ZO-X2) ,IX3-X2)
1100 V(1,Y):Z'c

1 ')5 VI( 2, Y )--R2 + (R3 -RP2) )012
1710 V(3,Y)=M2+(M3-M2)i:V2

-. 1715 V,(49 Y) T3-T2 I*V2-+T2-

'25 RETURN I
1 .3 0 PRINT "AT CRC3Ec ScECT:'OM vlz":

'. "'35 Y=i'~1
740 V2= :§-'-L

17 V.. 3, Y .M 2 + ,3,1

'1760 V(4, Y =T3 -T-2)*Y2. fT2
1165 PPINTYV1 , Y' Q , V 3 Y'V( 4, Y )*1 80/l,
770 RETU'RN
17 RN "AT CROSS 3ECTIJN X="Z'O

S...1780 Y=Y+I

1790 V (IY) =ZO

Z 1800 V(3,Y)=A(3,J-1 )-(A-3,J)-A(3,J-1 ) )V3
'1805 V(4,Y)=A(4,J-1 )+(At4,Y'-Ai4,J-1 ))::V3

1815 GOTO 1630
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I1s20 Y:Y+l
1825 V(4,Y)=FNE( (H(P)+K(P) 110 (JF') )-ZO'/K P
'1830 Y(21,Y)=I(P)+Y(P)*(COS'),(4,Y) )-COS(J(P),

18"75 PRINT "1CRCISS SECTOnN AT Y= 3f

':1845 GOTO 1355
'K *Y'1850 PRINT "SHALL NEW PLUME BE CALCULA TET?:'

1855 INPUT Cl
'1860 IF C$="YrES"1 THEN 1 )5
186 1 IF C$K--. "YES" THEN 1 '750
1865 PRINT
'1870 PRINT" X/RE, R.."RE, M:#- AND THETA(RA I'' RE 14EING REA~D FI:OM ~NC
1875 FOR j~1 TO r,

.Z1880 INPUT l,1J)E1,),(IJ,(I)
'1885 NEXT J

'~>1890FR z TO K

'1 910 A(4,J)=T(1,J.)Gl1 ,j.'
* V 911:?l PRINT V11,- Jr AJA4,J

(95NEXT J
190G0TC 295

10 50 END

- -4,'

W"%LS-p% ( '
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~Program PSIM

• Program PSIM calculates what flow parameters are required to

produce an equivalent plume shape when a different specific heat ratio

r is used.

input

quantity symbol explanation

.F T2 initial plume deflection angle

,,'" .. :(deg)

RF R1 initial plume radius of curvature

Ym A specific heat ratio of the model gas

MFm 0 jet surface Mach number for the

model gas

MLm B trial value of exit lip Mach number

for the model gas

..

output

dN MLm and B -final values for the model yas at the exitLm Lm-
0 P-final pressure ratio,

-b/o, x/re, r/re and e (deg) of the model plume

./.. e

.? ".

0.
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0025 TIEF FNDfY =T .S,2F(IX.'X)
00027 DEF FNR(M)=((2+(A-I)*M*N)/(A+I))"((A+I)/(2(A'-I)))/M
00035 PRINT "PLUME SHAPE GIVEN ?YESO,NO 1";
00040 INPUT Kl
00045 IF K1=0 THEN 710

00050 Z~0
00055 PRINT "PROTOTYPE FLOW SPECIFIED"
00060 PRINT "ENTER GAMMA-P";
00065 INPUT A

00070 PRINT "GAMMA:"A
00075 PRINT "ENTER NOZZLE EXIT MACH';
00080 INPUT B
00085 PRINT "ML-P="B
00090 PRINT "ENTER NOZZLE EXIT ANGLE';
00095 INPUT C
00100 PRINT "THETA-L-P="C
()0102 C=C*3.14159/190
)0105 PRINT "ENTER jET SUPFACE IACH""

1)011; E ' '  11
L <":. ) ,l 19 PRINT " '"

00135 PP:NT
00140 F=(,A-)!/(A+I 0.5
00145 G:FNA(1/B)
00150 H=C-G+3.14159/2
00155 EI=ATN(F/TAN(G))
00160 BO=(EI)/F-H
0...,0165 DEF FNC (X)=<((A+I /2 ' :#:X"2 I.A- Y 2 2

- 00170 I=FNC(B)

00175 J=FNC(D)
00180 X:I
00185 GOSUB 215
00190 01=L
00195 X=J
00200 GOSUB 215
00205 02=L
00210 GOTO 230
00215 K=((I-X)/(X-1/F"2))"O.5
00220 L=ATN(K)/F-ATN(K/F)
00225 RETURN
00230 CO=3*SIN(C)/(B*)
00235 C2=-2*F*SQR(I)/(COS(El)"(((3*A1-1)/(2 (A-1))):SIiVE1 )".5)
00240 C1=C0,C2
00245 E2=El4F*(O2-O1-FNA(I/D)+FNA(I/B))
00250 DI=(E2-E1)/10

.. 25 ,'--,

0,U-

,..'

* %W-*'\-**'., \. V' ' &~
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"O02. F09 N=' TO IA STEP I
-.,.n27 0 S I=COS (E3/F),*SIN(E13)"'-,0.5):#COS ( E3)"( 1/'('2 W ^2) ):4D .1 3• "." 00265 E3=E1+D1*(N-1!2)

00275 S2=SIN(E3/F)*SIN(E3)'(-O.5)*COS(E3)"(-li(2*F2))*DI+S2
00280 S3=SIN(E3/F),SIN(E3)'(-1.5)*COS(E3)((A-3)/i2*(A-I) )*l IS3
00285 S4=COS(E3/F)tSIN(E3)"(-1.5)*COS(E3)'((A-3)!(2*(A-1))):*DI+S4
*0290 NEXT N
00295 UO=-( (COS(E2) (3*A--I)A(2*-I)))*SIN(E2)O. )l(2 -)
00300 UI=UO*((SI-F*S3)*COS(BO)+(S+F.'S4).SIN([0)+CI,

G0305 G2=FNA(1/1I)
J 0 3 0 T2=C+02-010~ )3 15 RO=-((U 1/ S QR(J)+ S 11 T2 -6.INi .3 2 !"S IN(22:Gc,

; 0)0320 RI=-f;/RO

.0325 PRIPiT
q ... )P :, .' N T  E, .L Uj 7 ,,

' i "INITA. SLOPE OF L'TE THETA -2.." .' 58
00340 PRINT "(INITIAL) RADIUS OF CURVATU'l.:E FRI

. - 00345 PRINT
00350 IF El THEN 505
0355 IF E' 1 THEN 375
'.)0360 IF Z=I THEN 375
'00365 GOSUB 765

"-" 00370 GOSUB 510
0 0375 IF E 2 THEN '60
00380 PRINT "ENTER GAIMA.-M";
00385 INPUT A
00390 PRINT "ENTER NF-i'";
u0395 INPUT D
00400 PRINT
00405 PRINT "INPUT FOR MODEL PLUME"
00410 PRINT "GAMMA-M="A, MF-M"ID

-. 004 15J F=( A-I)/(A+ I )"'.'

00420 Q=T2
00425 R2=RI
00430 PRIA T "FI:ST TRI4L. VALUE ML -4 -"
) 475 PINT .. "ENTER ML-M- ";
.0440 INPUT .
0445 I=FNC(P)
00450 : ,

)04,65 C3:"

1)0415 GOSu? 25
S"00480 04:L

% f00485 C-Q-04+03
00490 PRINT "HL-M-I:"B,"TNETA-L--1:"C+:5.2953
.)0495 E=E.I
00!00 GOTO 140
00505 STOP
0 O PRINT
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00515 PRINT "PLUME SHAPE CALCULATED"
00520 PRINT "X","R","THETA"
00525 FOR S=O TO1.2 STEP 0.2
00530 T=FNA(SIN(T2)-(S/R1))
00535 S=RI*(SIN(T2)-SIN(T))
00540 R=I+Rl*(COS(T)-COS(T2))
00545 PRINT S,R,T*57.2995.9
00550 NEXT S
00555 RETURN
00560 IF E>2 THEN 635
00565 B5-B
00570 R5=R1
00575 PRINT "ENTER ML-M-2";
00580 INPUT B
00585 I=FNC(B)
00590 X=I
00595 GOSUB 215 
00600 03=L
10605 C----04+03

()6 3 ''INT "SEC.OO %F-II.. M;L iL - - '',.,

0 06 15 PRINT "ML-H-2:"B,"-hETA-L-M-2,"C*57 ."958
00620 E=E+I
00625 86=B
00630 GOTO 140
00635 B6=B
00640 R6=RI
00645 B=D6*(R6-P2)-(IB.-B5).'(R5-R6)
00650 I=FNC(B)
00655 X=I
00660 GOSUB 215
00665 03=L
00670 C=0-04+03
00675 PRINT
00680 PRINT
00685 PRINT "ML-M=","THETA-L-="Co:57.2Q958,
00690 IF APS(B-B6).:0.001 THEN 750
00695 B5B6
00700 RS=R6
00705 GOTO 140
00710 PRINT "INPUT THETA-F,R1";
00715 INPUT T2,R.
717 T2=T2/57.2?6
00720 Z=E=,
00725 PRINT "PLUME GEOMETPY (3PEIFIE,"
f.)0730 PRINT "THETA-F"T2*57.29 58, "RI ="RI
00735 PRINT
00740 GOTO 350
00745 Z=-
"')07'0 GOSUP 7. 5
")j0"55 GOSUB 50
(0760 GOTn 'QO0

)I



77

0 . 0 65 P= ( -J.;F^2)'"(A/(A - M)

00770 PRINT
00775 PRINT "PRESSURE RATIO P="P
00780 PRINT

" 00785 RETURN
)0790 PRINT "THIS I THE FINAL r*E(LLT"

,- 
00795 PRINT

00800 END
I READY.

S

-,..: - ...

0

. ,* ,6

.

"
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Program GRTRAN1

GRTRAN1 is a laminar-transitional-turbulent boundary layer program

based on the methods of Gruschwitz (25] and Culick and Hill [24].

• .

input

quantity symbol explanation

y GO specific heat ratio

Pr P Prandtl number

Mref MO reference Mach number

* PO PU stagnation pressure (psia)

TO TO stagnation temperature (R)

x/r* vs. M Mach number distribution

in the nozzle

output

X/r*, M, 0, HC, 6*, RI along the nozzle wall

R (test section), 6, 6* and 6 at the nozzle exit.

where

*) HC - compressible shape factor 6*/0

RI -equivalent incompressible boundary layer

Reynolds number (based on displacement thickness)

...

*%

4

o4 .4 ,

4e , ,



80 a

5-- PQIT "POGRAM GP TRANI - .? A -H,. 1 /20/1 9P3"

.." . , 0 PF'INT "TRANSITIONAL POU;[ARY LMfEP.* GPU9.4HWIrZ-C-LI./N !.LL-HH.', 1I .9: "
9 PRINT "MERGED PROGRAMS GRUT lND ?. T2, HHK /2 3"

"0 @0=3.141592

25 DIM X150) . i50) .ij(5'). ,( j lzr*c,5.o K O,. H'5,) . , . . , .
.,. VIMt PIS5 ! V'50J .L (5A ), ,'5 *.G 0 *. 5O

,',",,% ~~ . .. . .. . . . ...I T " L A MI N4Pr-,'  P F E35q Z.TILE ?9 U| qV ;rY I~ ,r %' i'3 l.!. : N UI l ). ,:,

V ' 4~'0 Tp p t~~ P' fF:~ i 1 . '

D.5 PEF rN itFNI(G)-P*( 2 " 1 2 16.

'0 DEF FNTCGA=1 -,,' , C, ' ' ,"
59 DfWPEF FT I f I-i - I N i 4 i i I

11 EF F N E(G rfA1-I1 QA -

. 5 t E F F M~ r , = - ,5 ' '' M " , - 
ii m t .+ 1 , ) - .I' m

-I ,WF FAiM7 7FT'M ./' T' 1 '15- -ai

* :1 F d' )1

.* * .., ' 1 "l4r k T "

&" ." " " T ,,c li ," '" a0

Zeo : CIF.e -' +' . ~- $ i- J

;*... F:..il-' 'Ml "E flTP (MM, 1+, , " -1l'l' 'l'il$,lti <4 t,"-'f

-I I3 :.g'.: * ,'," ~ p ~ '.z

I LF~ j "F j NH 4F~P --

:9 ' p r! i

1 .,r iT 0;

F I4 T

- .- r r . "-.; r.j ,j
N'?C T 14 T ' 'CA Q'C F

,-) p-"*T "-i7 ,'"; ,rCCL-. 4 z r.' '- ', e

r Tb

0s , I I , C , .r -I
:..: .,',. ~ ~~. . ., PC,. T , -:J T . ... C i" L " ,:, Dr, . .c , ,' : ,, -, : , -F c,,

, - T..1 C" N 7C , .. I'- r q' r, ' i'f

4:'- .,', P:' I ;T G 6t A li M.. m 1 , 1. , : i ,4i 7.", 1 1NN

'4 I M A:' i'ttlT.

0 % . l c r 1 1 1 1 iI

.A
.

0:: " 6' " . % .,."% ,° " . .. "* . '." .% " , ,' . ," - " l"w ." " , "

w_._, . , ,: ,: t. . b S A-, U., . e - . % , r ,X :,:'- . ., - , * *.,* * w.* --. - -.,, , ,, .,e w, - ,,. ' ' w, "'!w, ..:
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250 PRINT "INPUT MACH# (YES),OR U/UO(NO)-":
255 INPUT BS
260 PRINT "ENTER 0 FOR STAGN. POINT, I FOR SHARP L.E.";

265 INPUT Z
A.- 270 PRINT "INPUT N OF POINT PAIRS=";
" 275 INPUT NO

280 PRINT "NUMBER OF POINT PAIRS XM (OR U/UJ="NO

281 PRINT "INPUT FROM FILE GDATA (Y/N)=";
282 INPUT C$
23 IF C$"N" THEN 1441
285 FOR I=I TO NO

- "286 IF B$0"YES" THEN 297
287 PRINT "I="I;"ENTER Xil";

S._ ,,290 INPUT X(I),M(I)
292 A(I,1)=X(1)
295 A(I,2)=M(I)
296 GOTO 300
.. - ,97 PRINT "POINT "I" ENTER X(I),iJ/U(1):="
1.98 INPUT X(I),U(I)
:)99 M(I)=FNM(U(I)),300 4(I,T)=X(1)

.01 A(I,2)=M(1)

304 PRINT "I="I;"X"X(I) "M="A( 1.2)
-' A305 NEXT I
-

\ 306 PRINT "SHALL DATA (I,[),A(2, r BE STORED IN FILE GDATA (YN) '";
307 INPUT D$
308 IF Dt="Y" THEN 1470
310 IF Mll)e' O THEN 580
315 IF Z(:.O THEN 580
320 X(1)= M(1)= U(1)= FI=O
330 PRINT "NEAR STAGNATION POINT"

-335 FOR 1=1 TO 3
.340 PRINT "I="I,"X="X(1);"M="M(1)l
345 NEXT I
350 F2=FNL(M(2))
355 K(1 )=1.7000)01E-02
360 K-I 1)

S.365 TO=7.700001E-O2*(X(2)-X(1))*FNN(I(l))/(RO:F2)
370 D(1)=SQR(TO)
3 :75 GOSUB 620
380 DI=FNH(G)
385 D2=FNI(G)
390 PRINT "THETA-O="SQR(TO);"K-"I<"STA(3NATION POINr"
395 X3=X(3)
400 X2=X(2)
405 F3:FNL(M(3))
410 D(2)=D(1)*(1-.424*((F3/F2-1)/(X(3)/X(2))- l) )

. - . ." 415 PRINT "THETA-2="D(2)'"AT X/L="X(2)
420 M=FNM(F2)

425 K2=FNJ(G)*(D(2))"2*RO*(F3-F2)/(FNN(M(2).)*(X(3)-X(2 ) )
430 K(2)=K2

'pIN

-A'.

r'%
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435 1=3 p

440 GOSUD 715
445 Iz4

-. 446 PRINT " X N THETA/L NC DELTAI/L. Rill4

450 GOTO 875
455 D1=FNH(G)
460 F2=FNL(M2)
465 H=(M*M*(G0-1)*FNB(G)/2+FNJ(G)*(.3-G/60))/FNH(G)
470 Y(I)=l+(60-1)*A(I,2)'2/2
475 H(I)=H
480 F(I)=(H(I)+1)/V(I)-1
485 6(I)=D(I)/V(I)'3
490 PRINT
492 M2zFNM(F2)
493 D2=SOR( 12)
494 D9zD2/'1
496 H2=H

530 IF L(I)>)=.02 THEN 545
535 N(I)10.94.19SINL(I)-.02)04.84*fl*1550/F..
540 GOTD 550
7345 N(I):10'(1 .036*SIN((L(I)-.02)*6.06*f O)):*,55O/F(i)A

* .550 R(I)=RI*G(I)*A(I,.!)
951 Tl=R(I)*Y(I)'(-3.5)
555 IF R(I)*V(I)'(3.5)>N(I) THEN 985

'5PRINT ",/,=FJG*ltO1:.M^-/)(+6-)#M22
561 PRINT X2:M2;D2-;H2E19;Tl
565 IF G<-11 THEN 595
570 PRINT
575 RETURN
580 PRINT "SHARP LEADING EDGE"*
585 PRINT "M1="MO;"AT Xlz"O
590 GOTO 860

*595 PRINT "LAMINAR SEPARATION"
.596 PRINT "TURBULENT REATTACHMENT CONSIDERED"
5 9 7 R(I)=RQ*GfI)*A(I,2)
598 T=I

*599 GOTO 1010
-j600 STOP

S605 DIM Z(200)
610 PRINT "ENTER K=";
615 INPUT K
620 IF K<Y.'.479999E-02 THEN 635
630 K=9.469999E-02
635 IF V>-.157 THEN 645
640 K=-.157
645 ZO:.000001
6350 YOxFNX(ZO)-K
655 IF K<O THEN 670
660 Z1112
665 GOfTfl 675
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670 Z1:-12
675 Y1:-FNX(Z1)-KI
680 Z2=Z0-YO*(Z1-Z0)/CY1-Y0)

695 IF ADS(Z2-Z1)(.01 THEN 7100
690 Z1:Z2
695 GOTO 675

:105 RETURN

720 X2=X(I)I

'25 TlB1 -11'

'80

4795 I2FN K2K- 57TE 9

S: 05 M P9 I+M2
815IF B(-K1)<.01TE 3

/'320 K =1, -2
.i275 f~1SUBK20K)

830 TO 770(X--X':fN(M9

* 340 K=9)2

850 RETUN6

830 GOT 77

94 9 (* I7 K2(1
845 PRINT

$885 X(I)KA(I1

086 M(I)=A(I,2)
910 GOSUB 1715

**915 D(1-1)z41(I)
920 GOSUB 455

930 1:1+l
935 IF I>NO THEN 980
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4?. 940 SOTO 875
980 STOP
985 PRINT"POINT OF INSTABILITY. TRANSITION STARTS"I
990 TzI

.J1.995 DB1 .43-1/(.02086*(LO6(R(T)))'2.68,j)
1000 H8=F(T)-D8

- 1005 L8=(H8-.045)'(-5.556)'-.185
1010 T(6)=A(T,2)
'1015 T(7)=A(T,1)
1020 T(8)=D(T)*L
1024 T(!)=I
1025 T(2)=NO

,, .. 1026 T(3)=RI

1027 T(4)=HB
1028 T(5)=L8
1029 T(9)=L
1030 PRINT "TURBULENT COMPRESSIBLE BOUNDARY LAYER, AIR, HHK, 8/24/81"
1035 PRINT
"1038 N=4
1040 RO=T(3)
1045 D=T(9)
'1050 MO=T(6)
1055 XO=T(7)
1060 NO=T(2)
1065 DO:T(8)
1070 IF DO<:>O THEN 1080
1075 [O= 9.999999E-10
1080 PRINT "EXPONENT OF SHEAR LAU, Nz(TENTATIVEIY)="N
'1090 CO=(N+1)*.1266*N"(-2.6815)/(RO'C1/N))

-'-" 1095 SO=,'.D[O/Di* (NO/( 1+. 2.MO*MO) )"3)"( 1+ l/N) -

1100 PRINT "TRANSITION CONDITIONS XO(FT)"XO:"MOO=";'OI;"(I:="IO
1105 PRINT "SHEAR LAU EXPONENT N="N:"REY-O,D="RO
1107 PRINT " X m THETA/L HC D:SFl_ RI"
1110 LO=T(5)
1115 PRINT
1120 X1=X0IL'.: ,
2 125 MI:MO

• 1130 [I=[0
'1135 J1=O
1140 I1=o
'1145 Q0=((( Dl (1+.2*MOsMO)'(-3)/D)"(1+1 /N))/CO0V4
'1150 01=00
1155 Z1=0
1160 FOR O=T(I)+t TO NO

l 1165 X2=A(O.1)
1 170 I2A(0,2)
1175 IF X2=0 AND N2=0 THEN 1290
1180 M9=(M1+M2)/2
1185 12=(X2-X1)*(M9"(3+2/N ):( 1+. 2*:t9,M9)'((1/N )-4))
1190 11:11+12

*. 1195 D2:D*(1+ .2,*12,21'3,( (C0*l+S)*2(-331N))"(NI(N+I P)

o

, *- %
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1200 D9=(Dl+D2)/2
1205 02=(I/NO^(-3*(1+1/N))+O0"(1/4))"4
1210 R2=RO*D9*M9/(((1+.2*M9*M 39):t3D)p 1215 B=.0304*LO6(R2)-.23

. " '1220 J2=(B-LOG(M9/l0))*(Q2-1)

1225 L2=O0*LO/02+LOG(N2/.M) +(1/(12)*(J2+J!)
1230 IF L2<-.15 THEN 1400
1 1235 IF L2-.185 THEN 1410
.1240 X2=.045+(L2+.185)^(-.18)

w '1245 H2=(K2+1)*(l+.2*M,2*M2)-1
1250 T1 =RO*D2*2/(((+.2*M2)"3')*0)
125 0?-

-
.. J =H2*D2;

-260 PRINT X2M;?;D2;H2:f'9;TI
". ~ 1265 XI =42i ""1270 MI=M2

12 5 J1=J!+J2
1280 01 =02
1285 NEXT 0
1290 Ti = O I:D'.2*M1i ( ( I + .2 M2, 2) ") .[['I
1295 PRINT "R.,T= TEST REYNOLDS 1="T1
1300 PRINT "SELECTION OF SHEAR LAW EXPONENT 'HERE USED N="NT)"'1305 P'R14T It"OPR I),) -. :RT SE 3, N=4""

1310 PRINT "FOR 500'R,T<5E4, N=5"1315 F'INT "FOR 3E3(R,T<I6E5, N=&'

1320 PRINT "RECALCULATE WITH !:'PcPER q IF NEIEL-DE"
1325 NI=2*N-1

3. 130 C2=.2*M2/(5+M2*M2)
S.1335 Y-1
=:-,1340 YO=I!(Nlil)-I!(NIl+2) ,

".' 1345 Y=Y+,
1 I.350 Y2=C2 (Y-1 )i(N1-1+2*Y)'-C2'(Y.-1 )I(N1 +2*Y)! .1355 YO:YO+Y2

1360 lF Y2..0001 THEN 13701n 13. 5 9OTO 1 34cU ."
1370 D3=(1-C2)*N1*YO
1375 PRINT "rELTAi THETA="1 /03

'  
i '3_0 PRINT "BOUNDARY LAYER FHICI.NESS ,FT):="r'2/D3

'385 P'RI .T "BO,'NDARY LAYER MOMENTUM THICKNESS (:T :"D2
'390 PRINT "BOUNDARY LAYER DISPLACEMENT THICKNESS (FT)="t2t.2
1 305 GOTO 1415

,.- 140) PRINT "SEPARATION IS POSSIBLE"
1 405 GOTO 1235

* V 1410 PRINT "SEPARATION MUST HAYE OL .FTRED ' '
i 14 12 GOT01 325

S"1415 PRINT "IS NEU SHEAR LAW EXPONE'NT DESIRED FOR lECALCULATiON?(Y/N)";
61420 INPUT B$

1425 IF B$.'.K)"Y" THEN 1540
1430 PRINT "ENTER NEW SHEAR LAW EPONENT";

... 1435 INPUT M -
"."1440 GOTO 1040

1441 FILE#1="GDATA",

" 1

... ... ~ ,* - N . .. . - _i , , ,i .% '1 t
,

,ll . m r ,l t - . -
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1442 FOR I=1 TO NO
1443 INPUT #1, A(I.1),A(I.2)

'1444 X(I)=A(I,1)
"1445 M()-A(I,2)
1446 NEXT I
1447 CLOSE #1
1448 FOR :=' TO No
1449 PRINT I';1"X"A(I,1 ;'M=" .(T,2)
1450 X(I)=A(I,I)
1451 NEXT I
1452 GOTO 310
1470 FILE#W!="..DATA"
'1480 FOR I=1 TO NO
'490 PRINT #I, IJSTNG"4#.###W 4 ;A(I.1 ,2)
1510 NEXT I
1520 CLOSE #1
'530 GOTO 310
'154O END
:,,E A f Y.

'- 4 -..' 
"

..

e l~tl ,11
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* Program BARTZ

BARTZ is a fully turbulent boundary layer program applying the

Bartz method [18].
-

input

quantity symbol explanation

y K specific heat ratio

R R8 gas constant (ft lbf/lbm R)

PO PO stagnation pressure (psia)

To  TO stagnation temperature (R)

u MO stagnation dynamic viscosity

(lbm/sec in.)

r* RO throat radius (-)

R* KO throat radius of curvature (-)

Cp CI specific heat at constant pressure

(Btu/lhm R)

k KI wall conductivity (Btu/in. sec R)

L wall thickness (in.)

h H1 film coefficient-coolant side

T9 coolant temperature (R)

x/r* vs. r/r* nozzle wall contour

output

x/r*, r/r*, 6**/r*, 6/r*, 6*/r*, DELT/6, TW/TO, HG along the nozzle

wall

R e, at the nozzle exit
-",
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1"3~ 1! Y VPV " T~~rAY 4

*30 DEF FNX(M)=(2/(K+1)+(K-1)*M*M/(K+1))^((K+1)/(2*(K-1)))/M
40 DEF FNY(M)z(K+1)*M/(M*M*(K-I),2)-1/M

*50 DEF FNA(M):T*(I+(K-1)*M*M/2)

*70 DEF FNC(M)=(K1I)*M*M/((2+(K-1)*M*M)$0)T)
80 DEF FND(M)=FNC(M)*YV(2/7)
90 DEF FNS(MhlI/((0.5*T*(1+(K-t )*M*M/2)+0.5)'(0.6):*(l+(K-1 )*M*M/2)'(0.15))
100 PRINT "TURBULENT BOUNDARY LAYER IN COOLED C-D NOZZLE"
110 PRINT "BARTZ METHOD, MODIFIED BY HHK 71/176"
120 PRINT "ALL BL. THICKNESSES DIMENSIONLESS IN 'TERMS OF R-THROAT"
130 REM: NOTE THAT INPUT DATA ARE IN UNITS CONFORMING W4ITH BA~RTZ
'110 PRINT "ENTER GAMMA,GAS CONST,PO,TO,MO,RO,KO"l;
160 INPUT K,R8,PO,TO,MO,RO,(0
170 PRINT "ENTER C-P,K1,L,H1,T9"-;
190 INPUT C1,K1,L,H1,T9
190 PRINT "ENTER NOZZLE GEOMETRY X/RO,R/RO"'
200 PRINT "NOTE THAT THROAT (RIRO=1) MUST BE ONE OF LOCATIONS"

4 210 :#l. #404###.#N NN##.#
-220 PRINT "ENTER N OF POINTS (<25)";
*230 INPUT N

240 PRINT "NUMBER OF POZNTS:"N
*250 PRINT "POINT# X/RO R/RO"

260 PRINT "GEOMETRY FROM FILE 3?";
270 INPUT AS
280 IF AW'YES" THEN 2250
290 FOR 1=1 TO N
.310 PRINT "ENTERX"")1,(" 2;

..340 INPUT X(I,',),X(I,2'l
-350 PRINT USING 20,I,X(I,1),X(I,2)
360 NEXT I
370 PRINT "SHALL DATA BE STORED IN FILE 3?";
390 INPUT BS
390 IF DS="YES" THEN 2300
400 PRINT 'GAMMA:"K;"GAS CONST.="IR8
410 PRINT "STAGN. PRESS.="PO;"STAGN. TEMP="T0;"STAGN. '.ISC.=1"MO
420 PRINT "THROAT RADIUS=:"RO;"THROAT CURV.="KO

430 PRINT "C-P="C1 ;"K="K1 ;'@Lz"L;M H-E:"HI ;"T-E="TY
440 UO:(2/(K+1))'i(K+1 )/(2*(K-1)))*PO*SQR(K*t32.174/(R8*TO))
450 R9=RO*UO/MO
460 P:4*K/(9*K-5)

-*470 N1:C1*MO/(RO*H1)
480 N2=L*C1*MO/(RO*Kl)
490 N3=0.02284R9^(3/4)/P 10.46)
500 PRINT "PEF. REYNOLDS f='P9; "rPlVNDTL W:'P

'310 111=P^ -0.36
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520 GOTO 1130
530 AO0R^2
540 IF C=O THEN 660
530 M8=1.4

* 560 GOSUD 580
570 GOTO 630

*580 At=FNX(118)
590 IF ABS(AO-AW)<.0001 THEN 630
600 M9=NS+(AO-A1)/(AO*FNY(MB))
.610 N8:N9
620 GOTO 580

'4630 N:119
640 RETURN
650 STOP
660 M8=0.01
670 GOSUD 580
680 GOTO 640

4~690 11=0
-lo 00Zl=0

271') DO=0.05
7202Z D

t 30 Z9=ZJ+DO/?
2740 IF Z9:>1 THEN 780
'750 I1II+Z9^'7*(1-Z9).:EI0/(1+B0*Z'9-CO*Z9*Z9)
"60 ZI=Z2
270 GOTO 720
890 RETURN

790 12=0
1300 Z1=0

-a *810 D0:0.05

a.~' .*1320 Z2=Z1+D0
~ 830 VZZt40/2

.440 IF Z9' 1 THEN 880
1350 I2:I2+Z9-7:tD0/dI+Doz9-C0*z9sz9)

a1360 Zl= 7"
?0 SOTO 820

380 PETL'RN
390 IF Ml, I THENJ 930

*910 No=I
920 GOTO 940
930 F:15(1M~*13*OlR/1)(*1M*1)
940 F0:0.0285*FNS(M1)*(U1,oR1*Rl/R9)'1/4)*(X2-X1)
9?50 F2=(FI.15*F+FO)^iO.8)
960 RETURN

*970 80=FNB(M)
-980 C0:FNC(M)
~ a~990 RETURN

WIN 1000 001/T-1

'1010 CO=FND(N)
**.~ * ~ 1020 RETURN

we..
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-1030 G1=F1*K,80(1-T7)/(IB*RI)
* a'1040 G2=F2*K9*(1-T)/(I9::R2)

'1050 S0:i+9*(LOG(G1)-LOGCG2))/8
1060 G3=:',o2565*FNS(Ml)*IB*(U1/R9)'0.25:*SOR(R1 *.-X2-X1)/<.9*Fl'%1.25.P^(0.46))

*1070 G4=G8^(9/7)*GO+G3
*1080 G9:(ABS(G4))1(7/9) 4 :~'i/LF'
'1090 7 /. 2'".l.'
'1100 T2:1-(1-1'9/'10)!(l+N4*(NI+N2!))
1110 PRINT
'1120 RETURN
1 130 0=1
1 140 C=O
'1142 0=0
1 150 FOR [=2 TON
1 160 X.1 =X (I , I
1 170 R2=X4(I,l)

'1180 R=R2
1 190 IF 90:2 THEN 192-0

* 1200 T=T?
'1210 T1:T?7

*122 0 GOSL'3 1240 7
! 230 GOTO 1540
1240 R=R2
125 0 IF F::1 THEN 1290
'1260 609UP 530
'1270 M2=M
'1280 GOTO 1300
1290 M2=1
*1300 '):GS

a1310 GOSUB 970
1320 GOSUB 690
1330 19=11
1340 GOSUB 790

* 350 J9=12
1360 G~osup 1000
'1370 GOSUB 690
1380 K9=I1
1390 GOSUB 790

* 1400 L9=12
410 W2=7* 19FN (r'))

'1420 S2=(FNA(02)./7-J9) /I9
'1430 GOSUI' 890
'1440 IF 0=2 THEN 1460
(450 GOSUB 1030

* 460 "1 :3 T H EN -2I
141A PETUlFN
.1480 C,90 1II 3

'1400 IF R2':.1.0001 THEN 1520
'1500 C:1
*1510 Q:Q

*1520 NEXT I
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1530 G0To 2,22o
1540 IF 0<3 THEN 1710

* 1550 IF ABS(r2!-Tl)>.0l THEN 1880
* 1560 AC!, 1)=F2

'1570 Afl,2)=F2*FNA(112)/(7*19)
-1580 A(I , 3hS2*F-6
1600 A(I,4)=T2
1590 A(I,5)=TG9
1610 A(I,6)=N4*CI*MO/RO
'1620 A(I,7)=A12
'1630 PRINT " X/RO R!"Ro tE0seRO DEL/RO tELt/R0 DELT/DEL TtJ/TO H-Gl
'1640 PRINT X2;R2I;F2;F4'*FNA2)/(7*9);S*F;9;T;N4oC1*MO.,'RO

*1660 PRINT "COMPLETES ITERATION FOR P'JINT"O
!S80 PRINT "WHERE R;RO:"R2; 'AND MACH#="M2

'1690 TB=Tl
'1700 GOTO 1'2-

1,160 F1:F2
1770 G8=69
1780 111112

1800 JBZJ9
1810 K8:K9U1910 L8:L?
'1830 IF 0(3 THEN 21160
840 T7=T8

>1850 S1:S2
1860 U1:W2.

870 RETURN
is880 T1=2*'T1tT2!/,T1T2)
1890 T=T1
'1900 GOSUB 1140
'1910 GOTO 1540
1920 F1=0
'1930 1I)=V1

-1935 X2::X ( 1 ,1)
1936 R2:-'X(1 ,2)
1940 GOSUB 530
1950 M11:1
1960 G8=V1

a 1970 T:-T7-=D.25
1990 GOSUB 970

:~1790 GOSUB 690
2000 18x11
2010 GO0SUB 790
'2020 J9=11

:1030 G0 S UB 1000
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"2040 0UB 690
2050 KB=It

2060 GOSUD 790
200L8=12 -

2080 Ut-7*IB/FNA(M1)
2090 Sl=(FNA(M1)/7-J8)!I8
2100 0=+1.
2 1 10 XI=X2 '
2120 R1=R2
2130 GOTO 1150
2140 G9=V'
1,5.0 530TO 1,0 0

"*6' T7:T7

" .90 GG -

? 0 N4:0
2200 PRINT "POINTS 132 GENERATE II,PUT, EXEPT FOR EEL*#:/F'O AT POINT 2"".

2210 GOTO 1470
'2220 R8:R9*F2*FNA(M2)*(14+(V-7)*M2kM2!2 ) 0.6/(719*R2*R2)
2230 PRINT "AT LAST STATION, REYNOLDS# RE,FREE 3TREAM,!ELTA="R8
2240 GOTO 2340
2250 FILE #--"BDATA"
2260 FOR I=1 TO N
2270 INPUT #1 ,XI,3),X(I,T',X(I,2)
2280 NEXT I
2290 GOTO 400
2300 FILE#1="BDATA"
2305 FOR I=1 TO N
2307 PRINT #1,XI,3."X([,.

. "2308 NEXT I
* 2309 CLOSE #1

2310 PRINT "NOZZLE COOF:D.INATES STORED IN FILE BDATA"
2320 GOTO 400
'2340 END

..

I..

:..-
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.'.

5 JProgram FREES

Program FREES calculates the free shear layer development.

input

quantity symbol explanation

y G specific heat ratio

n N flow profile exponent

ML Ml exit lip Mach number

* Mjs M2 jet surface Mach number

... Re& Ri Reynolds number based on velocity

boundary layer thickness

output

4. Shear stress and eddy viscosity functions and spread rate parameters

p along the plume boundary.

0%

4%

4""'.( ' .'.•'K"; ' s .'iww' -
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LPRINT "PROGRAM FREES-DEVELOPMENTr Q: FREE SHEAR LAYER"
'10 DIN A(5.100)
15 P0:3.141592
2PRINT "THIS VERSION UITH PLOT,HNK 8/30/80"

30 PRINT "LINEAR MIXING PROFILE IN EXP4MDED I1 /N PROFILE 3..
40 PRINT "THIS VERSION OF 8/28/890 CAN HANDLE THIN APPP. 8.L."
'150 DEF FNZf F) =NP-33S1,9--Cr12tF'2)sFU"G-1I /G)
50 DEF FNC(mi=SGRCM 2 2~-'~2
'DEF FMMfF)F NtFNI(F)/(1-FiFC'C1

130 DE FND(F)=(1-t1-Ci F '2P (!-1 '% 0)

90Q DEr F NAF)( P J c'1- r1 2)
10 DP P4 IrqU rztI0C-F 3+G tCi( O12k 3

2-0 PeRI NT "GAmMA="
30 INt 3
40 Cp T NT 'cDOFTLE EXy~ONT 0=:

.4.~ I5 TNLT "I

* .I?)I.'F'T M'1

I190 INPUT >
- - 20 P'INT ! F fAl [M TQ,4T [20N STJ P:-

C- ? -fl

-30 LIIf Pll P

260 R9= 1 0 4* .774 '0. 03~20 5T*'M2

- ~ ~ ~ A 'PP F'TNT "'MA"f '2'n RA .. ?OFIL7EXPyr. ="N'

0 20 1RI N T I'M :I - ;"-M2:'K -"2 -p, IC
PE N0 13~ 'EIfL D M 1, '4- 1) -DT A1 0 ' Y'5 9m T, :k.,

310 r P.;IN T 'N F iNTE1QAT!CN 5?EPS:"lD"IRE*(NOLD, #, TPAV;. =":;9

S3 f)0 P'>' "3:LAPITY VALUE cO)R JOz"j3

.0

.110 I"F IB('- +001 /DEN'

450 F9z1'FI+F2,'
460 IF FQ*:' THE,
470 A=FNEitFQ' .

190 Cf2Y t . t I~ + ~ ' P;.j Io ,'

41p. .
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1.- 
4

.- '_00 Y3--Y2
910 1II*,',P(-1 )*N*c?/(-fr013( ('T+FFiF ) '/,, -FN[,(F; ) n. ,''FND/C 'i .:

520 22P(-1).NC1(-+10PF+FND(F2 /(-FNF2/.,-srr-2n

-530 IF 11=0 THEN 550. .

630 .O=2 NP (-Fil *N (2 N :2"

S'0 IF DIO TP EN 5E I'580 Z8:J1 *7'

P 590 IF [1=0 THEN 46,

INT
s22 J2=J1+FN;C,'rn 2F1I

'" :5*.33) f3:FN[D(FI

'3 T4 " 0 ";'. ! -

S .O :0 =u' '(-F'4- L'G(( I+fO '.I- j) ./(?t,4

Ao T aF A'? 71

" .'* .b O f "n 'i '-':i-'FNt ;F 2 .' " l' ( r ,

" a A 0) M C: " I

IYfl1 TNC> Ell

;'R " "N T

'3- PR JT "3HI -LI :"r ";!4 -"

7P F 1" a 4,i . ....'J ' r wr, - ' r ":..JD: 1 -' ''.. [." ." r,", ,="i:Nr(:' <, 2...

4%Q? A]-' 1',J " ' ",'-" ['ELTA F L.Al="(2;D'

SI "'. ':J' '2N, -R"ATIJ "/J3LTI"f!

n7,o-r . j -:: m =_ ". / j .. 'i '/
,5 '0 :F 7,=.) "'.E ,4.

: ,:.-'30 -,' CV.t 1-ja 29iC.2 -' r.' ?

;, ~~'.3 F3=,CA,/C3...

'2 1 C' 3-

.44 -Z

'5!F 'R TNE, 1332

I +
• ~" ,,-P7 YO=I ThEN Q 10 "

"-" )' ni~ FRI14T "X!DELTAS, L . " ""'

r '. _4,,

c- 24 C r 1.

F"0 PRINT "EYNOLDI # I F"12: €/:30 IF F2 FRO T 1W 330 '-

0 2--

4r -

-L b -= .t'./

- *a~4-%%%%!C.C% ~!-
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1100 F 1F2
oio 601"0 410

1020 Y 3 =Y2
1025 [=J aw

103t) PRINT
1040 X1=X2
1050)0 P.[NT UEGE r. S E.-R L,-"E REACi"
,)55 WJ":t t

06.1 PRINT

I 08r0 SI =N*CIT[ 1'-v 
-r , . .

* ~~~ 1090 T1:? I -r! c-~ -Y>C' f*-

S' =, -. ,

U., . - ,. _ 9.'.-' - ,

'I 110 itC c~~ q'r Nt
F N' ',T ". E= L'" I[

II I' A I C7: I

-71
T; -A \1+ A ,4

44''q0 f =T " -4

-'_ C C_-" ,. THEN 10-,_.;

*' O N.,Bt .4,;i 3 0 T)] '' "'

7i,': ;.p-=c t%'*06

i'Mi) Ao=

0Z¢ GOTO '0.,

4')- PR[E T "T' 4 ,"S TT . '4 ........ T..

41, 70=l

142) P = y
430 Qf *-

14 0 5l :. "450 '3SIi) ic5:, "-"
Af P!' T T " FE L T 'p- :"'"
A10 T = -R, C ,: .

,,
'lb.

*1I
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480 EO=T1i .- C0"iC2 (A&,-CC2))
-14o) P'RINT "SHEAR STRESS FJNC'T .. T. "EODPY:3co'31 "y FUNCTfQN!"EQ

* 1500 GOSUB 1790
;510 GOTO 960

• 1520 GOSUB 1550
153C CSuB 1C0

-. ;

R - p N.

j , , T 7 7. : YI- Wna

I -. '' L 17M
F v. -"; ., = ,r -, . - ;'r,'

.- ."- .'C50 It0=.l,'] 4 - - ' .- -- :

. - , '' " 4' 'I 1 -

IT

-"- [1"

-, I

.- . 'J- ' ',2 'T ':2. :'

.' -4J . -,. .

' .4

,4' . 24) .. :

,4

'
4,- '
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I.

Program ASUEXPt

Program ASUEXP calculates the sudden expansion and impingement of a

plume on a solid cylindrical wall.

- input

quantity symbol explanation

Y A specific heat ratio

• re/r* R8 nozzle exit radius

8 L C nozzle exit lip angle (deg)

ML B nozzle exit Mach numberLL

NU CO measure of the local rate of

acceleration near the nozzle

,i lip C12]

- rimping/re 0 radius of the impingement wall

Re, C(5) Reynolds number based on

* velocity boundary layer o

thickness

'/r* D velocity boundary layer i-
thickness at the nozzle lip

" "" output .

I" Peak pressure ratio, location of pressure peak, inviscid impingement

angle, base pressure ratio and location of the viscid pressure rise.

Ile tThis program was written in HP-BASIC and run on a HP 9830A.

'q.



.10

1 COM c 2,53
10 PRINT "PLUME IMPACT ON CYLINDRICAL WALL, :EFO- e-LOIW-e''. THEORY AtIlD E:*F 1 1
.10 PRINT "PLUME IMPINGEMENT ON A CYLINDRICAL IHALL. H ~ S 31 7?"
15~ PRINT "ITERATIVE SOLUTION FOP FINDINIG :-EPO e-LQW-ei 1: -.E- HHi 5 7 1

720 PRINT "CALCULATION OF APPPOXIMRTE PLUMlE SHAPE-
25 PRINT -FQP IDEAL OR HON-IDEAL CONICAL C:-D 1 10:LES"

7 30 DIM DIE 33-IC 893 1
7'% DEG
740 DEF FtlR::;=ATNoK>: SQRl-.:::+I -9
7 45 DEF Ft482'. ATIVSLIP -' 1-X~**>: . ::+E--;9 :AHE~-:
750 DEF FNP,1- -= .21- P-1 ) 4M*MY.A+t I+ -Fi1 l
755 :=1

7 ' PFNTH14OZLE FLOW SPECIFIED"
* ' t"O II P "ENTER C.AMMrAm 3

0FFINT GNA'
7 tlR 7 I S HQO-LE IDtEAL Cit4ilcL"'
7 -C ItIFLT liS
7 D rIs -F ENTER NO:' LE E::IT, THR'AFT RADIUJS PATIOi=

00c r IN*PUT 'ENTER fl0OZLE E::IT FilCLE=--
:p 11 tIIFUIT C

* 1 FINT -P-E P-=-F:1-,THETA L-P DEG'

5 COTO ?:1
0' PF I NT

5 W4-HTH, F. TANiG.'
SW'L4N .. F-H

I I'-Ftl W I

I z..

I , 1-:A :- I F 12:, 10. 5
*~1" 5' L-NTU, V I ';F-TN' K. -F.I)

?00L FETLIFN V
0 5 Lr- -F - I , W4, t. A, -' 1 2' I W ~I L4 tCl. 5'4f

'? 1 IF Dl=- 'E** THEN 91e@
QFPIHT "NOZZLE IS NIOT IDEAL COUICAL"

1./s~5 tI:-P "ENTER NOZ:LE LIP MACH#2
Q O IT 6

'93~ FRINT "NO::-LE LIP MiACH 14JUMSEP="e:
9 45 DI -.P -ENTER E: IT VALUE OF VU1-:

* .0 INPUT CO
?5,5 Ll CCO
-?-0 PRINT -E::IT VALUJE OF UJI* 'FROM ~~~. :
95 Q5 DFUR* "ENTER RADIUS OF IMPINGEMENT. WALL2: *
'27 INPUT 0

'p ~5PRINT "RADIUS PATIO, IMPINGEMENT WALL="-Q.k '?7. CC 19 3zQ

985 COTO 1030
0990 PRINT "IDEAL CONICAL SOURCE FLOW NOZZLE"

995 8nW1-FNO(R8.P8*2 .1~COS(W3)))
1000 PRINT "NOZZLE EXIT MACH NUMBERs"W1
1005 CO.W2u3*INW3*$QRFiCW)/CW1.Wb
1918 DISP "ENTER RADIUS OF IMPIUGEMENT9 WALLms";
1915 INPUT 0
10Z0 PRINT "RADIUS RATIO9 IMPIN4GEMENT WALL-0

0 1922 CC 193m0
1925 COTO 83e
1030 W"wW2*N6
10'35 CiJ3A
1045 CC2]*W1
10515 Ct3I mC

-0. A '1 P
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101

1066 DISP "ENTER RE-DELTAs";
1067 INPUT Cr53
10.38 PPIN1T "PE-DELTA1=-CE5]
1069 DISP "ENTER DELTA11;R.='1
1070 INPUT D
1071 FPIt4T "DELTA1/R**D
1072 DISP "ENTER B.L. E2'P. tl=":

.'6 107'3 INPU.T N
*1074 CCt15 1N

1075 t'ISP -ENTER FIRST ESTIMATE i-=

IM~ IN4PUT JO
1o~ V5 PINT "FIRST GUES%. .0-FA:T'=-.f0

1110 CO'.TO 1165
1115 DEF FNOC:-:.
111,0 M1=1.44

I I :0 IF Re.Si:-MZ- 0.0001 THEN 1155
113-5 M4- A+1 *.rl 1i-1i- A-1 ~- MI
11403 M3'=M14L:-MZ'. ':X:tr4.-
1143 P1 I =r11
I1150 COTO 1175
115i5 FET'JPN 113

* ~11 D EF FtIJ::,=(t . A+1 - f1+.A-i :-: ' A'1 j

I1I FFI74T "e:L. E::F. N--N

11.0 LI AD 35.

I F FI NT 'JET IMPFI NGEMENT ON X:-LI ND I': AL WALL * HI f
15 DIM At[:.~ 11-61 33).E £13

LDI' :' -DATA EIITEFED E:'' riI TI:EF='.
5INPU!T 69

LI IF 6SVYES THEN ?
3PPINT "DIGIT :ATIOjN OF STPIF-CHAPT DATA',

%*. 4 C) PRINT
45 PRINT *DIGITI:EF C':'cFDINATE OP'IE;ITAT10tr
50 PPINT
'S ENTER ?P ,*

0i T0=ATN-
i5 PPINT "ANCLE THETA=-TO- 120 FIDEGFEE:1
7 ~0 DIM1 BE 100. --I -AC I Ci. . DE I L0'2J-
75 'ISP -ENTER OI:IGIN C)OORDINRTES C I:F AFH

I0 INFPUT:3.
S5 PPINT ORGNOF GRPH AT LOCATION :=..

?0 DISF "ENTER X9, R.EF. V..ALLUE X A'0:Im;
2?5 INPLIT :-e
100 PPINT "FEF. VALUE,

* l105 WRITE *.
110 ENTER -- 0y

11I.3 PRINT X9
120 DISP "ENTER Y0?9 REF. 'VA'LUE Y '~ "

125 INPUT Y9I
135 PPINT RPEF. VALUE Y.19 Y AXIS"9.
140 WRITE ('9v*)
145 ENTER (9.*)XI.V1
158 DISP "ENTER 0 OF POINTS";
155 INPUT NO
160 PRINT "NUMBER OF POINTSu"NO
165 FOR lot TO NO
170 WRITE (9,.)
175 ENTER (9,.)DCI.119DEI,22
lee WAIT 286
185 NEXT I
190 FOP lot TO NO
I~ aK r y I ismIr i * ~nZTLInr T. 1A1 Tof~n

N l .

0
L41*.'
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102

200-( 2 0 BE,2sDt 1,2 ]*COSTO-DI I,-' 11 INTO
205 NE::T I
210 FOP 1=1 TO NO
215 AE I, I JcX9*9C I, 1 1 ,OR :o:o.> O,' ' ,.::;

' - 220 A[ 1 2 ]1Y B( I ,-") ]2 SOR I* Il+Y 1 1 *+

-. 225 NE.T I
.-. 2"70 FFP 1=1 TO NO

15 PFI NT "I="1IA[ I 1 A12]
240 NE::T I
2'4 5 DI :'P "HALL DATA BE "TOPED="'

50IIIRLT Ait
-55 IF A$#'YES'" THEN 3-:0

0 TORE DATA #594-A
5 P.INT -DATA STORED IN FILE 4.ltl FLPiPY' ruIec"

P70 PF I NT -NOTE DIM' lu,2
P 5 FFINT "IF POINTS TO BE PLOTTED ,:NtiT "45";
PR::, F INT

- a--5 TOP
I : P DI ' F, 0 OItTS FP': Qrl E','E:OA'D="

l,' INPUT :S
00 IF CI#YES" THEN :45
o5 'I-.p -ENTER # FOINT.=".
1"0 !HNPUT 14
15 FOP I = I TO N

IE 0 r1 :.F' "ENTER :: I ' I ' 
=

N5 HPUT A[ I, 1 3,A lC I I
P-IN0 F'It T REl= I - Y='A IK' =AI. --

* NE T I
-.40 GOTO -45
45 PFINT "DATA LOADED FF'rO DI : FILE #4'
5 0 LOAD DATA #5-4,A

-5e r! fI:.P "NUMBER OF F'OINlT'-. ii FILE'=--
..', INFUT N

-; - 1 , TO 7
., 5 FP' I=1 Ti) N1
-S 2.0 P RINT "I="I " '= AC I. I "',=A[I .2)

8 E::T

3' PRINT "SELECT ne:: AND MIN ','ALUE, SUCH THAT DIFFE;EN':EE. AFE F,CLIEP F 1,-
-?-5 PRINT -OR 2 OP' 5 TIMES lOIT"

?

400 PRIT
405 Ei P "ENTER :-MIN. '-rA::. '-rIll. ,-A:'"
410 INPJT R',F2,01,O2
415 .C ALE -0. 1-P2+1. 1-FPI ,- 1 P-0. 1-Fl • I. -: -o. I - '.- 1. 1-e,-u. i- ,

420 :'.A::I ' P"P-RiP 10.P .1-
42 5 FOR ::=RI TO P2 :TEP PF'2-R'I 10

., 420 PLOT :. 0I
"4: CPLOT -4. --
440 LABEL , 4:35
445 NlE::T "
450 ','A::I'S PI. -02-01 - 10,' 02
455 FOR '=01 TO 02 STEP - 0.2-0l 10
460 PLOT P1,'.1

.' 4e65 CFLOT -79-0.3
470 LABEL f485Y
475 NEXT Y
480 LABEL (*,. 1 .. 70.'10)
485 FOPMAT F6.3 .

490 DISP "ENTER S POINT PAIPS=";
495 INPUT N

* 500 FOR I-I TO N
505 PRINT ' l"I! 'X=''A I1 ]; "','="A 1,2)
510 PLOT A[I,IIACI1,23)

-. 515 CPLOT -0.3v-0.3
,.., 528 LABEL (4)"0

525 IPLOT 090
"- 530 PEN

535 NEXT I

545 PuCE 101

555 PINT "R,W/REwR

":
,,%

I ,9

# 2 ,'Z 4"+ "S_ E I : " & V ,t ' " J :' . ' i I w ! : . . + - - =..



5 103

560 VuCC 11
571? PRINT "Ka"K
.3e DE =CC161 +1-,-l

5?.PRINT11Os
...'0 PS'FNP'. Y)

46I 0u E:CC 1713
61 F-PINT "Del' DR. PEATTACHMEtJT=-E-
-- 0 R= 1 -FIA''e)

Ma o - F PPINT U~"2RE

-~NP "ENTER INTE3PAT ION STEP DELTR4-, F * H:
,-4C INPUJT D
-49 PP I NT I NTECP A T I ON STEP DELTA 7F, - Liz* rD

6,; PLOT ::O.--?
665 FOP I=1 TO 10
-, i rlI:>M1-' C -' 1-FUR.i M-l

759 P2,=FtIP'. M.2
P-PINT P .CJ I-9F-D; "P PO.M="P2 -i- '112

- ; :: :04

::PLOT ::.P.2

- * ~ ~ -C, NE:T Iar-1M

.Ci9 PEN
7 1 :1=CI 7)1

7 7, P1=1: 1-?)
77-- P-PINT F: PE I P .:.c1 -E IN IS -=20

Z?7* PI NT P E: FO0lN= P IPFPEAI. PQON= P?
740'EF FNP ok I-d -<<. 1' k I

~ \( 34.PLOT O.P1
50 PLOT ::i1P1

7*7t 0 PEN
N.E S :2 END

1 C:0r-i '513
10 rDI M FIE 7,75 1-812- 2OJ I 1t2 -75)1
2Q PP I T 'THIS- VEPS ION WITH PLOT. HHf ?OC :::0
0I PPINT "LINfEAR Mr-i'tl POFILE INt E:PANit'ED I N PROFILE E6. .

40 PPIlT "THIS VERSION ''F '' 2" 80 CN HANDLE THIN APF F. 2. C.

5 0 Di EF FUC ' F '=FTOPt 'a- I- '.11? ,-t - -1

70i it EF FUN'.F.' =FTN-FN4DF, '1-Ft--Ci 1-
0 LE F FfID .F=I(- -i-:1 -C12+F? t'-P t' G U 1 '- -11

- i0 DEF FUR'i F.,=FtN,/ 1-FtU'Cltt 1-"
10 DEP FNY.(F -1)24*f -F.3-+L'";( I +'O I0 C9
110 FLOAT 4
1 AQ '>CI 1)3
12 N=:C 1 1511

135~ MlCC 1413
140 L-10

~~~ 4 ~ ~ 3 PRINT "G/r'IMAU"GUPSTAM .L ROIL XP
' ' ~~~240 PRINT "r' 1M1Ir2M;P-1

316 PRINT "8 OF INTEGRINEPS B "D; RIENOLDSP. TPNNR

330 C2uFNCN2
340 J3=SQR(1-(1-C2t2L.EXP(LOG((1.C24 -c-2 CZ-:-12
350 PRINT "SIMILARITY VALUE FOR J13s"J+3

4 '4Igo
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.r

39 104E+1

.9.400 F1=F
410 IF F1SF8 THE14 440
4 20 D =D,,1 Q
440 lE=Fl .9

447 COTO 410

4 E, $ IF F? I THEN iCOo
470 A=FN'F,?
-4 0 1 -=I I FNtF? - F -F I
4 10 Yl=1Y+ P t Gi t .*-tC I F N F- F2,-F I

510 Dl tI- I -Pf u-t1i: 1 -1 + L l:> I i +F N F 1 1 - F t IF I F 11,FI
5 20 D2-F Pt -I P 1 1: 1~ 1 +L 011 +lI iF tID F 2 i- F DF2 .~F t ID F
"'IF D1i=0 THEN 550

4C 0 Z = -PFl -t I 1oC -FNDlF E1 -1

99 vjZ I-J+FNMF9 FZ- Fl
57 IF Di =0 THEN 5?0

0~. IF El O THEN 66Af

0 ti-F 1 - -I- FNI'Fi 1 t -E::FC3 -

9- PA~l '1FNF - F

.9= l~ -F + O (,-+2 -CC .c

'9 -. 70 IF E'1#O THEN ?-

?0 r=Si)Pk 1-- 1- FNEIF:- -2 T *.-E::F I0
'CIO1 .li=CCI C2

10 IF YE=1 THEN 0

FF PINT "PHI-i .I.-F1;'FPHI-i-I+1'="F2
401r FI NT PHI-.f I ="FN'F1 i C.. "PHI -' 1+1 *='FtE'F2

750 PP" FINT -YZ VT= -- 12 DELTA DELTA I' Dl
, is) PF I NT "JO="JQ0;'L ELTA I=''E-

1 PFINT I I1; I*,;J 2 F P -FZ1 .
7j:iiC : FNE'F2

79., IF :Q=O THEN 1450
0 0 .C~- 1 - j LtC 1' El.

130 :4=C:v 5LG.r11,
S 0 D 0 Ti :I..C I +-C 0 - C .- Z C1)
8 50 E0=TIA(I-CO12 )*C2/'A*(1lC2*C2))
851 IF Nut THEN 87,9
8 05 PPINT "SHEAR STRESS FUIICTION=*Ti; "EDDY-VIS:C'5 IT' FUNI:TION=-Ec
870 Yc2=X.(Z4-&13)*Z1*_Z
880 GOSUB 1790

'9890 IF YOwl THEN 910
Iz 988 PRINT "X'DELTR1, LAM.z"X2

910 P~u(C2eRI*X2*P*((1-Clt2)/,(I-C2t2))t2)/CI
920 PRINT "REYNOLDS 0 R12tX z"R2
930 IF R2>R9 THEN 1338
935 RETURN
940 Z3=Z4
950 z5*Z6
968 X1=X2
970 11*12
980 JISJ2 '

re 990 YiRY2
1088 FIuF2
1010 RETURN
1028 Y3.Y2



r~~~r~~~v~ 7.r. . 1-73...--

105

030 PP.I NT
1048 X1=X2310,58 PI NT "EDGE OF SHEAR LAYEP REACHED"
1052 0mJ
1060 PRINT

10'0 Tis C1I*N* J2,P-Y'*C ''1 -C2 t2 j
%1100 .*- C-' 1 t '''

11 20Q FINT "',Z -DELT~RI='3;"DELTAi DELT1=I'12
I ±130 T-2z 4C.-1 t~ f2

-'1140 L-2, **.T1,T.-/D-
lice jQ--,:RQ1- - 1-.-i *t *-EMPL C

1170 FF INT '0 1)- P 1O

11 Ak IF F R-2'V T H EN I4M1

I vA F , -

11 I1 -C21

r.1:C FF I UT DEL TAI -LAM. =2 PEYNIL DS FtP 2?2=PF2

I 7 C Ix:

1 ? 10' IF F-1 ZE~oo- THEN 1?-20)
1 itA uUe 1,40

' -*1310 ;,--TO 1100k
1 LI2 PRINT
1 A IF 0,'=0 THEN 1400
1 -40 F!-FS

1 370 VC=0

1* 1410OO 1

1410 :0=0%
P14 0 07

1440 1' =-

14j-0 PRIN1T ":-'DELTM1 TURE:. =-,:2,
1470TI-RIy ' 1- *.->':-l

14'?0 FFRINT SHEMP STFES FIJ'NCTION=TI; ED '--O$CSIT', FuI1JCTIMIt=ECr
14':,1 FFINT I1,I ; 1 2' *FI -F2; 1 - Z
1500 COSUS 1. -'
1505 IF 0*0 THEN 1550a
1510 GOS'J9 940
1512 GOT'O 410

1530 GOSUS 1.790
1548 GOTO) 1468
1550 F3-CO'C3

1560 4 1578
1578 Z4*FNYF3
1588 X2UXI.(e'4-Z3).K*D2/(FNYP3*SQRPI)K1581 PRINT XUIX29FIIF2
1582 PRINT *"233'Z3V2"Z44'F3u*F31COsCOPCS="C3
1596 RETURN
1606 S~sY3*C~tZN 1-C~t2)

~%**'1619 D2=(S1.S2)/S04 '1628 PRINT "Y2/DELTRIU"Y3;'DELTA/DELTRI."DZ
1630 T~uYS*C2.'( -C2t2)V1648 L=2'C2*(TI.T2)/D2
1650 JOsSQRCI-d1-C2t2)*EXPL,/C2

t. 5L
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106

166 PPINT "J0="J6
67 J0 PPNIT "JO-PATIO=JO J3
1689 FlsCO',CZ

1700 :4uFNYF3
1710 ::2=:+:.'4-:3D.' , FN'F-i-SORPI

...- ~1712 IJ J=::2 -
1713 12', 1 =4
1720 P2=C -'>:2 F- 1, I 1 2 1-C 2 .1' A,!,
I110 PPINT "X.'DELTAR1 TUPE:.=:"::; "FEYtJOLDS# F 2 :: P"
1735 IF :2' I THEN 2?65
1740 GQSUB 79

.q 1750 '=3.0.5
P 1760 :: 1= ::

1770 IF P2 2E+07 THEt. 1920
17:0 GOTO 160 -

17?0 f E 1 J]=AC 1,J="
1,-00 A t "2. .J) D2'
1S10 ItJ]=A[3,.J3=JO
1S 20 A[ 4. i ] -:%2 ' EO*[,D

' 1832 AE7,J]=J1 4i OK 5 FPltJT

"-, 1:'40 PFINT
IS. 50 F'P'I 1T " Ju". i.

1 IF" 22 I TNEN 2710
• I :~[- F''ItT

1:.0'0 = PETUFN
1I1'I GOTO ioI 'c FETF H.

I70 Pr'I t4T
1'.40 FiPHAT !. " :ELTA. 1 r ."DELTA R, ELTA. "- I "F HI- 4 . " * FE-T
1. '0 W.P ' TE I, 1 , '?:40.

I .~ FiP j=1 To 0 09
I-1 IF . = 07 THEN 1.70

1 '? 2 AC4- .=O
1?70 LF I TE ':1, 1''0 j. AC 1 J3.RE2, 1]. ACS J -I, R ) 4 i I

S 13 NE: ..-1-:,0 NEX T J ,S
1 ??0 FO'MAT 1F4.0.4E12.2
1 ??5 FPINT "NOTE "-.CALE LGT.01!LGT5O,.
2 C0O GOTO 2210

ii10 FOP .=,)7 TO 09
2'31 PLOT LGT'AC I,.-,C-3.J]

7 ' LABEL A .

!2050 '-'TOP :
20j0 FI)P J=07 TO 09
2070 PLOT LGT,A[l1Jb,,AC4. JI0000
4 2080 tIEXT J
2085 LABEL ,-,'"E-X*T'I0E4"

?0PEN
Z10 STOP
2110 FOR J=97 TO 09
2120 PLOT LGT(ACI9JI)9Ar5,J1.20

*- 2136 NEXT J
2135 LABEL (*)"Y2"'20"
2140 PEN
2150 STOP
2160 FOR J=07 TO 09
2170 PLOT LGT(A(lJ1)AC2,J1/20
2166 NEXT J
2185 LABEL (*)"DELTA/20" .C
2190 PEN
220 GOTO 2670

S220V ISP "ENTER LOWER LEFT";
- 2229 STOP

2230 DISP "ENTER UPPER RIGHT=";
- 2240 STOP

2 ?A rAi F I rrr.fli i rTtAfl -A.
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22.s -, AIS 89LGTIOLGT0.1:LGTIO00

- , " O PLOT LGTA.0
200 FLOT LGTR.1.5
2310 PENI

3 30 IF A 1,300 THEN 1--0

10 FOR Ezb3 Ti 1.5 STEPC 0.5
;'6 0 PLOT LIGTO.1-e

Z 'b 0 PLOT LiGT1000-e
V- 1 "10 FEN

2. 2?0 NeE:-T 6

:-410 PLOT Lf;TA.0
4 0 PLOT L ;TA, 1.5
4 10 PEN

.415 IF A 10IOii THEN 2470

44 0f T''P

4iFOP ::-1 Ti)

1 (1 FLnT *1.,

F' ~-PLOT -'.0j
5 LABLHEL Q 10 'I tiT::

**'50 FOP '= TO 1. 5 STEP0.

A :LCT2-

kl LAEEL

0 0 F i F M A T F-:.
I Cs PLOT -0., 'j.1. el

-t Z* L~eEL '-FFEE '-HEAP LA'YEP ?AFTEP 8. L. E::PFAt4:-t
-, A LABEL (:- BOUINZAPY LAEF. E:':P. N- P E. lELTA. 1'

"E0 LABL *' PPPOi.H MACH oW:MI-AT mAICH #='J12

-41 LABEL ~G A 11MA " I GM A='f
2*4 F LOT :.0.1

:44 LABEL D: ELTA -1
Z 5 0 GOTO .1010

Q END
Z'-70 PLOT LGT -A[ 1 - 07 11

*.IV -.0 FLC'T L,;'rTA[1. C-(j 115

"U70 LAeEEL 1* ..1. 7P I 2310. T PAI4 IT IiN
-,70I.1 PLOT LGT (I),
Z7.02 PLOT LGTDf)0.S5

-. 2703* FEN
2704 LABEL 'P."ECOMPPESSION STAPT"
Z705 GOTO 3020
Z710 IF 0*0 THEN 2828
2715 IF P1>0.8 THEN 2965

4.-' 720 w I *A

2730 W2UX2
2740 V2F,2

275 UlsACJ
2799 Wall1,~-

2795 US-C3
2900 Z

4 2020 BrI14,12u=V2-Wg.(9C1,NI-V2)'(BC2,H3-WO)
2822 PRINT "uB1N191H82N
2930 FIEVI

*2840 hasUl
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2,850 .luU2
2860 J.U3
2870 X I411
2875 C3U

2890O COSUB 450
29?30 IF ABS(8t2,H)' IE-03 THEN 2-950

3,?5 HH1

248 GOTO 2$7'0:="t2H I'Ji".t"J0'TI'0

2 52 IF ReSSCC It 2-JO 0l- .01 THEN 2A
55CCIJ0, J3

1;56; LOAD *5,3
- EQ ~FFIIIT

7j 11'N4TI S H IAL RES:ULT FOP THE SUDDEN ENLAFi rlEthT FF.
'2GOT: '90

i7 0 PRINT .'0s" J0"-AT ::' DELTA I
rs7 CCI I ]=j 'J3"S 73 GOTO 2 S52

-,0C DISR 'IF PLOTTING DESIPED9 ENTER 0-"
i) 9 INIPUT W'?

- 00 IF w-:,0 THEN.30
010 GOTO 199'0

4% 20 LOAD *5. 1
Q':-sC, END ad

1 CON CC12 5 1
I10 F-PINT "PLUME IMPAC:T :'il CYL INlDRICAL WALL.- :EPOj SLOW-E'. THEOF Ati' E~ F.: 7
710 PP I NT '"PLUMIE IMrP INGEMENT ON A C'L INIDP IC AL WALL-* HHI --.1 7?"

* 15 PR INT "ITEPATIV-.E SOLUTIOiN FOP FINIDING; :EPO SLOW-e.l C:A-E. RN H
7-A, PRINT "CAL':ULATION OF APPPO::IMAiTE PLUME SHAPE'
725 F-P INT -FOP IDEAL OP NONi-IDEAL CONICAiL C-6 tIO:Z:LES"
- 0 D1 I I'sSb 1 3I
7' 5 DEC.
7 40 DEF FNA.oY:tATNK SOPR I- I+E-9?-
745 tIEF FNSc::=ATN'.SP. :-x '2I+E-. '+2-ATN 1E+-:,:,' 0l
7!0 DEF FNP:M z'2A-V'MMI A+ It 'A +.' 21t.-! -

7-: PRINT "N-O::LE FLOW SPECIFIED"
?z: A;=Cr 1Ji
01 k PRINT "GAlr1A=" A

7-.,5 W14I=~f e .C2
70, C =i:C 1

7 WS CCW-CE 4I

0 c PRINT

1%84A G=FNA( I'WI;
845 HzWS-r.+98

% ~ 850 W4=ATH(F/TAN(G))
8515 W3%(W4)/F-H
860 DEF FNCCX).((A1;. 2l).Xf3)1(j.((A-p)*X*X);2)
8965 IOU*FNCCWI) ,
870 X-19

0875 GOSUB3 896

* 985 GOTO 965
* . 90 Km(Cl-X)/(X-1'Ft2)ltO.5
*-895 LuATN(K)4F-ATN(k4F)
*900 RETURN

905 W~a-2*F/(COS(W4)?(((3*R)-1),c2*(A-1))).SZH(W4,to.S)
916 GOTO 1636
925 Wi.. 4
940 PRINT "NOZZLE LIP MACN HUMBERB"
950 CO*CC4I 

b

4/% %
l:*zA,
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970 VwCC 10]1
975 PRINT "RADIUS RATI09 IMPINGEMENT WALLS"cQ
988 COTO 939

1000 PRINT "NOZZLE EXIT MACH tlUMBER"-W1
1005 C0=WZ=3*SIN 1W:3)-SOR FNC' 14 )- i<Wi *141

*"1010 ['ISP '.ENTER RADIUS ')F IMPINGEMENT. WALL="-
1015 c-c( 10)7
10203 PRINT "RADIUS RATIO- IMPINGEMENT WAlLL="O

% 1025 COTO :S30
10.30 W7=i'24W6
1040 D=1.2-Wi
1045 PRINT "FIRST TF:IAL JET MACH NUMBER"

10 0 PRNT}1 0-FA4CTOR=" JO

10 70 PRINT "JET SURFACE MACH NUMB-1ER'-D
1075 J=FNC:*D.,

S %;10:30 Io u -,

P10?95 E IU4et)
P1100 riI E'-W 4'

1105 60=W5
1110 El I t14

* I1115 ci ii
1120 G''3HE 1 1.0
1125 GOTO 1'c
1101 SlS=~=4C

* .1135 FOPR N 1 TO 10

1143 .E.D4
1150 01AE~'~I' 7-A -r E-t1 - FV 'I'1
11 05- '=7USIV I4E 3tF S'ItN E3 '7 t'-"1 '-''I-OS E' - F3: ''1,,
IIC9I ' -.. iti(-E 'F*,--SINl(E3t' -1 .ijis'ES.,T-rc' -. .. .f

'; :4 ~~~1170 L10~- 'u- O(E'',t * ,:-1 -nI R'I-E 7j2.: 13
17 1=14'' 1-F*33-j.:r PI~ '. -Fpi':IN

118..0 PRINT U1JI*.F~= ulj
IiS5 FETIJRN

110 2=FtNA1: D-

1. 0 0 P0= - UI -SuP' J: *+ .I N T 2)*SIN1i2> t 2>wSIN2ti,
1 uF 1-I P0

1 10 PRINT
1 15 PRINT 'SO0L U TION"

*1 -l0 PR INT "INITIAL SLOPE OF PLUMEI THETA-F="T2-;
* 1 .5 PRINT ",,INITIAL) RADIUS OF CURVATUREs PLUME=-Pt

,0 IF R1*-(1.-COS(T2Y)+i Q THEN 1235
1231 DUD+G.2

*1232 PRINT "14O PLUJME IMPING;EMENT"
1233 GOTO 1065

.. s 1235 PRINT
12483 PRINT "PLUME SHAPE APPROXIMATED BY CIRCULAR ARC' I
1258 FORMAT SX."X(-)".GXCR(-)".95X."THETA(DEG)"
1255 FOR S=9 TO 1.2 STEP 8.1
1266 T=FNA(SIN(T2)-(S-Rfl

41265 S=RI*(SIN(T2)-SIN(T))
1278 RI4+RI*(COS(T)-COS(T2))
1275 WRITE (15, 1280)SPRPT 7
1296 PRINT '
1295 PRINT
1388 GuFNA(1'D)

"a1305 C.FN9(COS(T2)'*(O-1>'RI)

1315 E1oATN(F/TRN(GD)

A4
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*51325 GOSUB 890
1330 02uL-C
1335 >1:4uFNC(B)

-p 1346 X=X44
0345 :osus 890
1_50 L1*L
1-,155 ::x-3 5

S1 360 GOSUB 890
1 3i5 L2=; aL
isO 137 "-Li':2:4 L2-L1,-+::4
z37 5r: :'3

1s 3:0HJoUB 8*?0
I3SM L'=L
13-?0 IF Cf.X-X .001 THEN 1420

1 400 3~
140! LIzL
1410 L7=LB
1415 GO 1370
14 28 PF11

* ~~1425 I'50CF2 IM1.1 S!
1430 IF :0 THEN 15S
1435 M:NS0OF FUL'D,.

*1437 CC1)M I / lm
1440I FF It4T 'M. ATra "Ne.m* ART. ="SOP'FNC' El.:')
1450 C.'s50p'FtkCrt 9.' -Jl'-' -O'G''.R-I' -1

*1455 :iu:O-c2
14-:0 E:O=ATN(F TAN(FNAkL1-.)'),-0FA'18
14t6 -F5 E:sF 0Ft4Ar D".0
1470 IQ~E-E'1
14.75 GOS'9 1130I
14:3 0 8uM'U1 2-CC'S' FURP' 1 1- t2
1485 PRINT
1490 PP IN1T ' NIC I EATTACHIET. WALL PR.ESSURES3"
1495 P.1Ai'MMSA..'T-A 'A-I +
2500V FPZNT "DM--DPPs'2$ '0P*EA PPE$$,LJPE PATIOnuPS
1504 Ct20WlPS
15 0 ,: r173.08
1510 FP1I1! 'LOCATION OF FPE3$IJPE PEAl. 2. :P F. tlO_,LE='04
1512 CC 1S83204

N 15 PP FFItIT " IiNv'I SC ID IMPFINIGEMENT AiNGLES C -

1525 PF I NT "INHI T IAL ' LOPE~ 1'' P PO:' D,'/.'R,.I'='P?
Iw5' C_ 0:e-e,* 2-A-1)-6B)
15 c -:,=p. C3
1540 Et=S':'F' Pt0 -1 -- -ICS-1I I' -1LOG'' 1 +Ci I-C 6.'
1545 E:3S' ,T2-C,-PI,1S80..E? '1.22.764)
15150 C3sFPASINC)E,ESSN(CY

Si1555 FF111?

*1565 PFINT AT
1570 PRIN4T "B-ASE PRESSURE, VISCID SOLUTION (PAGE- MODIFIF7'
1575 CzCS*0.59
1580 GOTO 1315
15e5 C4sD.D/(2'(A-1).D*D)
1590 C5SSR((C3-C4)/(1-C4))/C6
1595 C7sje.SQR(1-(1-C3).EXPcLOG((1.C6)-(1-C6))/C6-an":6./C
1606 PRINT "PNIpDu"*C51UPNI9Ju"CT
1605 D~u(T2-C8.*SQRPJ*CS'((12.2.56.1)*180) L
1610 C9.FHB((COS(C8)-DO)/(1,(T2-CS)*PI*E9/(189*(12+2.56*fl .' -

1615 09wR14(SIN(C9)e(1.D8)-SIN(CS))

1626 ICV923wC5 K
1625 I[Vi3slC?
1630 luRlfT2-C9)*PI*(FNI (C5)-FNI(C7))( 1S9*( 12.2.76*9))
1635 PRINT

L1640 1910

05PRINT "LOCATION OF VISCID PRESSURE RISE X-vR.N."Q

nlee



1 ~ 660 PEP FNIV h= C 3-1 .#SC!R. I '-LOG( 1-C7--:
1665 PRINT 'MO=z"MO

-. p. 16r0 r7O EF FNJ.2:' s -e(2.F+-1* l-A-I :<2'''A1 <'-:
1675 FR I NT "MASS FA T I Q= " 2-6A ;R: lB
1680 V=V+1I
I :6' IF V2THEN 17.35

16'?5 D=I[121
-1.0 ire=W1

1705r ':OzWa
-A1710 C =W 3

'C1715 PRINT
*-1720 PRINT "SECrOND TF IAL JET MACH NUMB-lER'

1, 7.; !, o:=-:N

-. -t 15 'GOTO1070

417415 M11 I. 4
1750 M12=FNJ(M1
175- IF ASSt: -M* * ;j Lt0l1jTHEN 1.-80

*.176rQ M4-sA+1),.*M1 (M 'MM*(A-1)4'2)-1l Ml

17.7 MI11=M3
1-5 COTO 1750
I SO RETURN M3
1 f 5 ICV.1IEI IIV -1 1J1- It %- 2.11 1VI-22 31CY-2-- Y
179 G ICY In I=EV-' 13+ 1 IEV 13/ 1r E(V-'.3I- I'E-. 2 -I'.-i"-]+I['-. 3
1''5 I F ASS (I CV 9 1 1-E1 1 1 ))0.O001 THEN 1'8'45

1810 C@flJZ,01815 :=wa
1320

*1.25 PRINT
18308 PRINT 'NEW JET MACH NUMBEER.-BY INTEPOlLATION. I TERTIIII w
1 .3:5 PRINT
We40 COTO 1070
1845 PRINT
1 ,38 PRINT "THIS IS THE SOLUTION FOR ::EFO BLOW-B'' P-A1855 C:r72]=Q7
I P 15 6 CC 141=8
1858 LOAD *592

*I S*i86 END
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